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Radiation Research with Pigeonpeas (Cajanus cajan): 
Results on X, and X, Generations 


R. Abrams and J. Vélez Forturio! 


INTRODUCTION 

It is a well-known fact that ionizing radiations affect germination, plant 
growth, fertility, and time of anthesis (/, 3, 6, 9)?, among other characters 
in the higher plants. Different sources of radiation may affect these factors 
in different manners (4, 10). 

Not all mutants induced by radiations are deleterious; many of them 
have useful agricultural properties. Important European radiation-derived 
varieties include the “Stralart’’ Ray Pea (7, 8, 11) and Primex white mus- 
tard (2, 7, 11). 

In the United States, Down and Anderson (5) produced the bush-type 
bean variety Sanilac by radiating the Michelite variety. The bush character 
greatly aids mechanical harvesting, keeps the pods off the ground, and 
minimizes the effects of wet, humid weather during harvest. It had never 
been possible previously to produce a bush-type field bean with a smooth 
seedcoat. Under the name “NC 4X” Gregory released a radiation-derived 
peanut variety which appeared superior for several agronomic characters 
to the varieties previously recommended for North Carolina. A radiation- 
derived oat variety with superior crown rust resistance has been released 
recently in Florida. 

This paper is based on investigations carried out during 1956 to 1958 at 
the Isabela Agricultural Experiment Substation. The objective was to ex- 
plore the use of gamma rays and neutron radiation as a tool in practical 
plant-breeding work with pigeonpeas (Cajanus cajan). In the present study 
the effects of y rays and neutrons on germination, plant growth, and time 
of anthesis in the X, and X» generations of pigeonpeas are reported. 


1 Assistant Plant Breeder and Plant Breeder, Head of the Plant Breeding Depart- 
ment, respectively, Agricultural Experiment Station of the University of Puerto 
Rico, Rio Piedras, P.R. 

? Italic numbers in parentheses refer to Literature Cited, p. 204. 
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MATERIALS AND METHODS 
In the spring of 1956 dormant seed of pigeonpea variety Kaki, were sent 
to the UT-AEC Agricultural Research Program at Oak Ridge, Tenn., for 
radiation treatment. The following gamma-ray and neutron treatments 
were given to the seed. 


Gamma rays(r) Neutrons (hours) 
0 0 
4,000 0.5 
8,000 1 
16,000 2 
32,000 3 
64,000 6 


Twenty-five seed from each treatment were planted in plant bands at 
the greenhouse in order to protect the small plants during the early grow- 
ing stage. After 30 days the surviving plants were transplanted to the field 
at the Isabela Agricultural Experiment Substation Farm. 

Germination percentages were determined 8 days after planting and 
measurements of plant height in feet were made every month. A record 
was also kept on the flowering date of each individual plant in the X, 
generation. 

The X; plants in the field in 1956 were harvested and threshed individu- 
ally. X»2 plant rows of 50 seed each from individual plants of the X, genera- 
tion were planted at the Isabela Substation Farm in 1957. The X2 plants 
were grown at 4-foot spacings in rows 8 feet apart, making a population of 
approximately 12,000 plants in the X2 generation. The mother variety Kaki 
was included for comparison in every tenth row. Data were recorded on 
plant height, flowering date, general agronomic characteristics, and detect- 
able mutants in the X2 generation. 


RESULTS AND DISCUSSION 


X 1 GENERATION 


Both gamma rays and neutrons caused a reduction in germination with 
the highest dosages as shown in table 1. A dose of 64,000 r of gamma rays 
or a neutron exposure for 6 hours impaired germination of the seed so much 
that no plants survived. A reduction in germination of 30 and 15 percent 
was caused by a dose of 32,000 r of gamma rays and 3 hours exposure to 
neutrons, respectively. 

Plant height was also affected by the higher dosages of both sources of 
radiation as shown in table 1 and figure 1. 

Of particular interest were the results observed on the effect of both 
sources of radiation on flowering date, both tending to stimulate early- and 
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late-flowering-type plants. Under one of the treatments with 16,000 r of 
gamma rays, one particular plant flowered 28 days later than the mother 
variety. 


X2 GENERATION 


The frequency distributions for plant height in the mother variety and 
the X2 generation of pigeonpea variety Kaki are presented in table 2 and 
figure 2. An examination of the X2 frequency distributions shows individuals 
shorter and taller than the mother variety, indicating an increase in genetic 
variability for this attribute caused by the radiation treatments. 


TABLE 1.—Effect of gamma rays and neutrons on the germination percentage, plant 
height, and time of anthesis in the X; generation of pigeonpeas, (Cajanus cajan) 








Treatment Germination Plant height ae to Delay in anthesis 
Percent Feet Number Days 
Untreated 100 3.97 115 
Gamma rays 
4,000 r 96 3.95 105 —10 
8,000 r 100 3.77 105 | —10 
16,000 r 96 4.18 131 +16 
32,000 r 70 3.73 132 +17 
64,000 r 0 _— -- -- 
Neutrons 
30 minutes 100 3.83 107 -—8 
1 hour 100 3.60 110 —5 
2 hours 100 3.89 113 —2 
3 hours 85 3.08 119 +4 
6 hours 0 — — — 

















The mean plant heights for the radiated population and the mother 
variety were 5.15 and 4.97 feet, respectively, indicating a tendency toward 
higher plants by the radiation treatments. 

The higher values for the standard deviations and coefficient of varia- 
bility of the X2 generation as compared with that of the mother variety 
give evidence of the increased genetic variability in plant height caused by 
the radiation treatments. 

Data on flowering date for the mother variety and the X2 generation of 
pigeonpea variety Kaki are shown in table 3 and figure 3. The mother 
variety ranged from 125 to 135 days to flower, with a mean of 131.66 days, 
while the X» population ranged from 115 to 165 days, with a mean of 
133.52 days. 
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Fic. 1.—Effects of different doses of gamma rays and neutrons on plant height of 
pigeonpea variety Kaki in the X; generation. 


TABLE 2.—Frequency distributions for plant height in the mother 
variety and X2 generation of pigeonpea variety Kaki 





Generation 


Parent 
Xe 


Data for class centers in feet 
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Fic, 2.—Frequency histogram of the average plant height of the mother variety 
and X»2 generation of pigeonpea variety Kaki. 


TABLE 3.—Frequency distributions for number of days to flower in 
the mother variety and X2 generation of pigeonpea variety Kaki 





Generation |, 
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Parent 
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The data indicate a great variability in the radiated population for flower- 
ing date, with lines flowering earlier and later than the mother variety. 
This fact is substantiated by the standard deviation and coefficient of 
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Fic. 3.—Frequency histogram of the average number of days to flower for the 
mother variety and X¢ generation of pigeonpea variety Kaki. 


variability of the radiated population that is higher than that of the mother 
variety. 

These data present some interesting aspects: First that segregating gen- 
erations from irradiated populations could be as vigorous as, or more 
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vigorous than the mother variety, as expressed by the mean plant height 
of the radiated population in the X2 generation. Secondly, that the commer- 
cial production of pigeonpeas can be extended considerably as indicated by 
the wide range in number of days to flower in the radiated population. In 
other words, radiation has induced great genetic variability in pigeonpeas 
for plant height and early- and late-flowering-type lines. These attributes 
are very desirable in the breeding program of this crop in Puerto Rico, 
since they will permit the selection of vigorous early- and late-type plants. 

It seems possible that, with this new source of germ plasm, pigeonpea 
varieties can be selected with desirable agricultural characteristics such as 
early- and late-flowering varieties, that will permit a considerable increase 
in the production season of pigeonpeas in Puerto Rico, which, in turn, 
would result in an increase in production and larger output for the canning 
factories. 

Further studies with selections from subsequent generations are under- 
way at present. 


SUMMARY 


Seed of pigeonpea variety Kaki were irradiated at Oak Ridge National 
Laboratories with different doses of gamma rays and neutrons. The effects 
of both sources of radiation were studied on seed germination, plant growth, 
and flowering date during the X, generation, and plant height and number 
of days to flower on the X» generation. The results indicate that both sources 
of radiation reduced seed germination, and plant height, and induced both 
earliness and lateness in number of days to flower during the X, generation. 
Genetic variability for plant height and early- and late-flowering lines was 
increased considerably in the X2 generation in the radiated population. 
With the new source of germ plasm located it appears that pigeonpea va- 
rieties can now be selected with more desirable characteristics, thus per- 
mitting a considerable increase in production in Puerto Rico. 


RESUMEN 


Semillas de gandur de la variedad Kaki fueron sometidas a diferentes 
dosis de rayos gamma y neutrones en los Laboratorios Nacionales en Oak 
Ridge, Tennessee. Se observaron los siguientes resultados en las semillas y 
plantas de la generacién X; y X2. 

1. Las dosis mds altas de rayos gamma y neutrones disminuyeron el 
porcentaje de germinacidén de las semillas. En ambas fuentes de irradiaci6n, 
la dosis mds alta resulté letal para las semillas. 

2. Los aumentos progresivos en las dosis de irradiacién redujeron el 
ritmo normal del crecimiento de las plantas. 

3. La variabilidad genética en cuanto a la altura de las plantas y la fecha 
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de floracién aumenté considerablemente en la generacién X2, ofreciendo 
oportunidad para seleccionar aquellas plantas tempranas y tardias con buen 
vigor. 
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The Freezing of Pigeonpeas' for Market 


F.. Sdénchez Nieva, M. A. Gonzdlez, and J. R. Benero? 
INTRODUCTION 


Fresh pigeonpeas are available in Puerto Rico only during the winter 
months, from December through March. Although pigeonpeas are canned, 
the fresh peas are preferred by consumers. Consumer preference for the 
fresh product can be attributed to changes in color and flavor which take 
place during canning. Even though the quality of the canned pigeonpeas 
can be greatly improved by proper processing, as was shown by Sanchez 
et al., (1)' the canned product does not resemble the fresh product either 
in flavor, color, appearance, or texture. 

Successful freezing preservation of pigeonpeas would provide the means 
of preserving the freshness of the product, making it available to consumers 
throughout the year. Since pigeonpeas are liked so well by Puerto Ricans, 
marketing of the fresh frozen pigeonpeas offers no major problem. Freezing 
of this vegetable may provide an additional outlet for the crop, mainly in 
markets outside Puerto Rico; as a result the acreage of pigeonpeas planted 
might be increased appreciably. 

The present studies were undertaken to determine the feasibility of the 
commercial freezing of pigeonpeas, to study proper processing techniques, 
and to estimate the shelf-life of the frozen product and its consumer accept- 
ance. 


PROCESSING 


Pigeonpeas of the Saragateado variety were grown at the Isabela, Gurabo, 
and Fortuna experimental farms and harvested as for canning at an average 
alcohol-insoluble solid content of approximately 26 percent. The pigeon- 
peas were delivered to the Laboratory the same day they were harvested, 
and stored in 4s-bushel crates at 45° F. until they were processed. 


1 Acknowledgment: The authors wish to express their gratitude to all personnel of 
the Food Technology Laboratory who assisted in the development of this work, either 
analyzing the samples, participating in the taste tests, or assisting in the operation 
of the pilot plant. Special recognition is given to the directors of Supermercados 
Cooperativos, who made available to us the necessary facilities at their four super- 
markets to run the marketing tests, and to G. Colom Covas, Assistant Horticulturist 
of the Food Technology Laboratory, who was in charge of the experimental plantings 
from which the peas used in this study were obtained, and of supervising the market- 
ing tests. 

? Technical Director, Assistant Chemical Engineer, and Assistant Chemist, respec- 
tively, of the Food Technology Laboratory of the Agricultural Experiment Station 
of the University of Puerto Rico, Rio Piedras, P.R. 

3 Italic numbers in parentheses refer to Literature Cited, pp. 215-6. 
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The pigeonpeas were shelled as described by Sanchez et al., (1) by steam- 
ing the pods to a negative guaiacol-hydrogen peroxide test, unless other- 
wise indicated, rapidly cooling in running water, and draining in a rod-reel 
with rods spaced at 54g of an inch. The drained peas were transferred to a 
picking-table for the removal of defective and overmature peas. The peas 
from the picking-table were delivered into a rotary rod-reel washer and 
washed with tapwater. The washed peas fell into the hopper of a rotary 
blancher with a dual heating-control system to maintain uniform tempera- 
ture throughout, and blanched for the length of time and at the tempera- 
ture set for the experiment. The blanched peas were cooled in a rotary rod- 
reel washer provided with water sprays, and were then subjected to a 
second picking operation for the removal of mashed and broken peas. The 
processed peas were packed by hand into plastic bags, or in waxed card- 
board containers, which were overwrapped with heat-sealable moisture- 
vaporproof cellophane. 

The pigeonpeas were frozen in a blast freezer operating at —45° F., where 
usually a load of 500 pounds required approximately 2 hours to be com- 
pletely frozen. The frozen pigeonpeas were stored at —10° F. 

To study the effect of maturity on product quality, the shelled pigeon- 
peas were brine-graded in a small homemade brine-separator from which 
the floaters and sinkers could be continuously removed. The brine-grader 
was equipped with a pneumatic density-controller to maintain the brine at 
a uniform specific gravity throughout the test. Sinkers and floaters were 
processed separately as already described. 


ANALYTICAL METHODS 

Starch was determined by the procedure described by Carter and Neubert 
(2) as adapted to pigeonpeas by Sanchez et al. Alcohol-insoluble solids, 
moisture, and reducing and total sugars as invert were determined by the 
AOAC procedures (3, 4, 5). Ascorbic acid was determined by the iodometric 
titration method of Ballantine (6). Total acidity was determined by titra- 
tion with 0.1 N NaOH solution in a tritimeter with calomel and glass 
electrodes. 

A test for peroxidases similar to the one described by Joslyn (7) was 
used to determine enzyme inactivation. A few peas approximating 5 gm. in 
weight were chosen at random from the lot being processed and crushed 
under 5 ml. of water in a test tube. One milliliter each of 1-percent guaiacol 
and 0.5-percent hydrogen peroxide were added, and the test tube was 
shaken to mix the contents, and allowed to stand for 5 minutes. The test 
was considered negative if no color development took place after standing 
at room temperature for 5 minutes. 
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THE FREEZING OF PIGEONPEAS 


ORGANOLEPTIC TESTS 


Preparation of samples: Fourteen ounces of frozen pigeonpeas were 
thawed in 2 cups of warm water for 30 minutes. One cup of boiling water 
was added and the peas boiled for 15 minutes in a covered pot. Three tea- 
spoons of salt were then added and boiling was continued for an additional 
period of 30 minutes. The pigeonpeas were drained, let cool to room tem- 
perature, and served to tasters in white porcelain butter dishes. 

For the taste tests in which pureed pigeonpeas were rated, 178 gm. of 
the peas cooked as indicated were pureed in a Waring blendor by the addi- 
tion of 150 ml. of distilled water, warmed to 120° F., and served to tasters 
in small white porcelain dishes. 


RESULTS AND DISCUSSION 


THE BLANCHING TREATMENT 


Proper blanching has been recognized as the most important step in the 
processing of vegetables for freezing to avoid changes in flavor, color, loss 
of ascorbic acid, and other undesirable changes. Diehl e¢ al. (8) showed that 
unscalded peas develop undesirable odors when cooked. Joslyn et al. (9) 
found it necessary to inactivate the peroxidases to prevent undesirable 
changes in color, flavor, and texture. Each vegetable studied was found to 
require a critical temperature for enzyme inactivation. Inactivation of the 
enzyme system was found to be essential for the retention of ascorbic acid 
in broccoli, green beans, lima beans, peas, spinach, and summer squash 
(10). Lee and Wagenknecht (/1) traced the development of off-flavor in 
unblanched frozen peas to the rancidity of the lipid fraction, no rancidity 
development being observed in properly blanched peas. The effect of the 
degree of enzyme inactivation on the quality retention of frozen peas was 
studied by Dietrich and coworkers (12). Inactivation of catalase was found 
effective for retention of chlorophyl and ascorbic acid, but not of flavor. 
When the peas were heated adequately, as measured by a peroxidase test, 
they were better protected, so far as flavor, color, and ascorbic acid were 
concerned, than samples heated for a longer or shorter time. 

As a first step in these investigations, the blanching requirements for the 
inactivation of the enzymes of pigeonpeas were investigated. These studies 
were limited to water-blanching, which is the only method of blanching 
pigeonpeas practiced by the local processors. Green peas were blanched in 
water at 180°, 185°, 190°, 195°, and 200° F., for a length of time ranging 
from 3 to 15 minutes. The guaiacol-hydrogen peroxidase test described by 
Joslyn (7) was used to determine the adequacy of the blanching treatment 
from the standpoint of peroxidase inactivation. The test was considered 
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negative when no color developed in 5 minutes. The results of these tests 
are given in table 1. 

These results show that the usual blanching treatment used in the canning 
of pigeonpeas, which consists of blanching at 180 to 185° F., is completely 
inadequate for inactivating the enzyme system. Complete enzyme inactiva- 
tion was achieved only after a 5-minute blanch at 195° F. Further studies 
on the time :temperature relationship for blanching pigeonpeas showed that 
at 180 to 185° F. blanching for 35 minutes was not enough for complete in- 
activation of the peroxidases. Catalase was inactivated at this temperature 
in 5 minutes. At temperatures ranging from 195 to 200° F., a 5-minute 
blanch was always found adequate for complete inactivation of the peroxi- 
dase. Samples of pigeonpeas blanched for 5 minutes at 185° F. were found 


TaBLE 1.—IJnactivation of the peroxidases of pigeonpeas during water-blanching 














Results at blanching temperature (°F.) indicated 
Length of blanching see 
in minutes _ 
180° | 195° 190° 195° 200° 
3 } + |l+ + ~ - 
5 : 7s ~ - - 
7 + + + | “ = 
9 + | * + - - 
11 + | + + > ~ 
13 + | + - ~ ~ 
15 + + _- - _ 














to give a positive peroxidase test even after storage at —10°F. for 21 
months. 

When pigeonpeas are processed by the method developed by Sanchez 
(1), in which the pods are heated in steam before shelling to inactivate the 
enzyme system, the shelled peas may require a milder blanching treatment. 
Samples of pigeonpeas which were steamed before shelling were packed in 
plastic bags without further treatment and kept in frozen storage at — 10° F. 
for 18 months. Peroxidase tests were made at frequent intervals during 
the storage period. It was found that some of the samples developed a faint 
color with the guaiacol-hydrogen peroxide reagent indicating some enzyme 
activity. Pigeonpeas likewise shelled, but blanched for 5 minutes in water 
at 180 to 185° F., showed no enzyme activity throughout the storage period. 
These findings suggest that even when pigeonpeas are shelled by steaming 
the pods to insure complete enzyme inactivation, they must be blanched. 
Although blanching for 5 minutes at 185° F. was found adequate in these 
tests, blanching at 195° F. seems to be safer. 

The effects of the blanching treatment on the flavor and other organo- 
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leptic properties of the frozen pigeonpeas, as well as on their keeping quality 
were investigated. The frozen pigeonpeas were thawed and cooked as de- 
scribed under Processing. Single samples were served to tasters under red 
light in air-conditioned booths. Tasters were required to indicate on a 


TABLE 2.—Effect of blanching treatment on the organoleptic properties 
and keeping quality of pigeonpeas 





Values after number of days indicated 
Characteristic 





7 552 





Shelled without steaming the pods, water-blanched at 185° F. for 5 minutes 





Flavor quality 2.50 2.60 
Off-flavor intensity 4.12 4.60 
Color 3.50 3.40 
Texture 3.99 3.40 





Shelled by steaming the pods, water-blanched at 185° F. for 5 minutes 











Flavor quality 2.90 3.70 
Off-flavor intensity 4.22 4.70 
Color 3.47 4.90 
Texture 3.63 4.10 





Shelled without steaming, unblanched 
| 





Flavor quality | 1.60 1.70 
Off-flavor intensity 3.00 2.30 
Color | 2.20 1.80 

2.10 


Texture | 3.38 





Shelled by steaming the unblanched pods 





Flavor quality | 3.10 3.30 





Off-flavor intensity | 3.55 4.30 
Color 2.75 3.40 
Texture 4.16 4.20 





5-point scale their opinion about the sample for every characteristic meas- 
ured. A rating of 5 points indicates excellent quality in flavor, texture, and 
color. A rating of 5 points also indicates the absence of any off-flavor. Color 
was rated on a similar sample under daylight. The results of the organoleptic 
tests for samples which received the four blanching treatments previously 
discussed are given in table 2. These results show that almost no change in 
quality took place during storage in the samples which had been blanched, 
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either by steaming the pods before shelling, by a combined treatment of 
steaming the pods before shelling and water blanching at 185° F. for 5 
minutes, or by a single blanching treatment consisting of heating in water 
at 185° F. for 5 minutes. Off-flavor development, change in texture, loss of 
color, and loss in flavor quality, took place in the unblanched samples. 

When samples of pigeonpeas from the four blanching treatments were 
compared for flavor, color, and intensity of off-flavors, using the pair test, 
no significant difference was found in any of these characteristics among 
the blanched samples. Significant differences in flavor, color, and intensity 
of off-flavor were found between the unblanched sample and each of the 
other samples which received the different blanching treatments. 

From the standpoints of flavor retention and off-flavor development, the 
blanching treatment seems unimportant, provided the enzymes are inac- 


TABLE 3.—Effect of the blanching treatment on the ascorbic acid content of pigeonpeas 
and on the loss of ascorbic acid during storage 

















Initial level of Bowel of peouiic 
Treatment Pins os od days of steenae Loss 
Mgs./100 gm. Mgs./100 gm. Percent 
Water-blanching at 185° F., 5 minutes 23.0 18.92 17.8 
Steaming of the pods and water-blanching 19.6 17.1 14.7 

at 185° F., 5 minutes 

No blanching 14.6 | 3.9 72.0 
Steaming of the pods and no blanching 34.6 | 26.4 23.5 





tivated. No evidence was found in the course of this preliminary work to 
indicate any advantage in steam-heating the pods before shelling when 
processing pigeonpeas for freezing, provided the peas have been blanched 
so as to inactivate the enzyme system completely. No further blanching 
treatment seems to be required when inactivation of the enzyme system is 
carried out before shelling by steaming the pods. However, the data avail- 
able from this preliminary work are insufficient to allow us to advocate 
the elimination of the water-blanching treatment when the pods are 
steamed. 

Blanching was found to have a direct effect on the ascorbic acid content 
of pigeonpeas and on the destruction of the vitamin during storage. In table 
3 data are presented to show the effect of the blanching treatment on the 
ascorbic acid content of pigeonpeas and on its destruction during storage. 

The ascorbic acid content after blanching was found to depend on the 
severity of the blanching treatment. It was highest when the pigeonpeas 
were steam-heated before shelling; it was lower in the sample which was 
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blanched in water for 5 minutes at 185° F., and still lower in the sample 
which received the combined treatment of heating in the pods followed 
by the water-blanching at 185° F. for 5 minutes. The loss of ascorbic acid 
during storage was found also to depend on the blanching treatment. The 
unblanched sample lost about 72 percent of its ascorbic acid during storage 
for 240 days at —10° F., while the loss for the other samples ranged from 
14.7 to 23.5 percent. It should be noted that the sample which received the 
combined blanching treatment of steaming in the pods, followed by water- 
blanching, retained ascorbic acid better during the period studied. The 
better retention of the ascorbic acid in the samples during storage can be 
attributed to the fact that no peroxidase activity could be observed in these 


TABLE 4.—Chemical composition of 3 grades of pigeonpeas obtained by brine-grading 





| Results from samples indicated 




















Characteristic 
First floaters | Second floaters Sinkers 
IMBECOBDIC: HOI. 5-5 o.65-dc5dioe ae ces mg./100 gm. 38.85 23.28 14.81 
Total activity as anhydrous citric acid...... 
percent 11 14 15 
Total reducing sugars............... do. 0 0 0 
‘Total sugars as invert.............<. do. 1.32 1.27 1.93 
MERON not nites Aihara do 9.38 16.95 20.20 
Alcohol insoluble solids............. do. 19.28 27.08 30.63 
ROSA NOIREUNG sc 5 back Sek eh ov aos do. té.12 70.77 63.31 
Hunter a —-17.9 —17.6 —6.8 
Hunter b 20.7 20.4 18.2 
Hunter a/b .865 .865 .374 








samples after blanching, while some peroxidase activity still remained in 
the others. 


EFFECT OF MATURITY ON THE QUALITY OF FROZEN PIGEONPEAS 


To study the effect of maturity on the quality of the frozen product, 
pigeonpeas of the Saragateado variety were shelled by the method of steam- 
ing the pods and brine-grading. The shelled peas were graded in a brine of 
specific gravity 1.107 and separated into sinkers and floaters. The sinkers 
were brine-graded a second time in a brine of specific gravity 1.141 and 
separated into sinkers and floaters. The floaters from both flotations and 
the sinkers from the last flotation treatment were processed separately, 
packed in waxed cardboard boxes with heat sealable moisture-vaporproof 
overwraps, and frozen. In this way pigeonpeas of three different stages of 
development were obtained. The chemical composition of the three grades 
of pigeonpeas obtained is given in table 4. 
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According to the data obtained by Sanchez et al. (73) in the study of the 
maturity indices of pigeonpeas the three groups separated by flotation may 
be classified as follows: First floaters were composed of mature fully de- 
veloped, predominantly green peas. The group from the second flotation was 
composed of fully mature pigeonpeas, also predominantly green, but varying 
in color from green to yellowish green to almost completely devoid of green 
pigment. The colors of the two groups separated as floaters were more or 
less alike, as can be seen from the color measurement with the Hunter 
meter (table 4) while the third group had a more predominant yellow shade. 

The acceptance of the frozen pigeonpeas by consumers depends on two 
main factors: Appearance of the frozen product from the standpoint of 
uniformity of size, and color and flavor. The pigeonpeas at the three stages 
of maturity were appraised for quality, taking into consideration separately 
the appearance of the product in the container and the flavor. Two methods 
of determining the flavor characteristics were used. In one method the 
sample was thawed in 3 cups of warm water for 30 minutes, 1 cup of boiling 
water was added, and the mixture boiled for 15 minutes. Salt was then 
added and the pigeonpeas cooked for an additional 30 minutes. The peas 
were drained from the liquor and served to tasters under red light. In the 
second method 170 gm. of the cooked pigeonpeas were pureed in a Waring 
blendor after the addition of 150 ml. of distilled water. The puree was 
served to tasters at a temperature of 120° F. and the tasting was performed 
under red light. 

The appearance of the sample was rated using a 5-point scale in which a 
rating of 1 indicates a very poor appearance and a rating of 5, excellent 
appearance. The results from 50 observations evaluated first floaters at 
3.02, second floaters at 3.55, and sinkers at 1.40. 

The results of these tests show a preference from the standpoint of ap- 
pearance for both types of floaters, and indicate a trend to preference for 
the more mature sample. The size of the peas in the second group of floaters 
was larger than in the first, and the peas were firmer. The number of mashed 
or broken peas was less in the second group of floaters than in the first, 
which accounts for the higher appearance rating given to this sample. The 
lack of color uniformity in the sinkers, in which both green-colored and 
yellow peas were present, accounts for the very low rating given to this 
sample. 

For flavor evaluation the cooked pigeonpeas were served to tasters in 
pairs and they were required to indicate their preference for one of the 
samples. When whole cooked pigeonpeas were served to the tasters, no 
difference in flavor or preference was found between the two groups of 
floaters. The second group of floaters was preferred to the sinkers. The 
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tasters also preferred the floaters to the sinkers when the pureed peas were 
tasted, and showed a decided preference for the flavor of the second floaters. 
The results of the taste test indicate that the tasters preferred a fully 
mature green pea to a more tender or overmature product. The pigeonpeas 
in this group had an average alcohol-insoluble solid content of around 27 
percent. About this same alcohol-insoluble solid content was found by 
Sanchez et al. (1) to be the most desirable for canning A-grade pigeonpeas. 


KEEPING QUALITY OF FROZEN PIGEONPEAS 


Pigeonpeas packed in polyethylene bags and in waxed cardboard con- 
tainers were stored at — 10° F. to study possible changes in appearance, tex- 
ture, flavor, and intensity of off-flavors during storage. The pigeonpeas 


TABLE 5.—Shelf-life of frozen pigeonpeas stored at —10° F. 
and packed in polyethylene bags 





| Value after— 








Characteristic 
| 8 days | 312 days 512 days 
| | 
Appearance 2.82 | 3.72 | 3.70 
Texture | 3.50 3.02 4.10 
Flavor 2.90 3.38 | 3.70 
4.71 4.70 


Off-flavor 4.22 





were thawed and cooked as described in Processing for organoleptic evalu- 
ation. It was observed that no changes in organoleptic properties took 
place during storage for 512 days. The data from the organoleptic tests 
run on the fresh product after 312 and 512 days after storage at 10° F. are 
given in table 5, for the product packed in polyethylene bags. It should be 
noted that there is an apparent improvement in flavor during storage. The 
higher rating given by tasters to the samples after the initial test was due 
to a change in the cooking procedure in preparing the samples for the taste 
tests. After the first few tests it was observed that cooking the peas for 
longer periods improved the flavor, and, consequently, all subsequent tests 
were run with samples cooked longer. 

When the product was packed in waxed cardboard containers with heat- 
sealable moisture-vaporproof cellophane, no undesirable changes in flavor 
or other characteristics took place during storage for longer than a year. A 
few samples were found to be off-flavored, but the changes in flavor were 
apparently caused by a broken overwrap which failed to protect the prod- 
uct. 
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PRELIMINARY MARKETING TESTS TO DETERMINE 
CONSUMER ACCEPTANCE 


In order to determine the consumer acceptance for the frozen product, 
preliminary marketing tests were carried out. Two thousand one hundred 
and fifteen 14-ounce waxed cardboard containers were sold in four super- 
markets; two in the San Juan Metropolitan area, one in the city of Ponce, 
and one in the city of Mayagiiez, under the Food Technology Laboratory 
label LTA. Before the product was put in the market the public was in- 
formed of its availability through press releases and regular supermarket 
advertisements in newspapers. The test was run during the off-season period 
from September 22 to October 12. 

The frozen pigeonpeas were well accepted by the consumers. The sale of 
the product proceeded at a much faster rate than had been expected. Some 
of the supermarkets reported that they exhausted their stock the same day 
the product was put on display. Favorable comments were received from 
many consumers in regard to the quality of the product. Although it was 
not possible to run a controlled marketing test and to determine the sales 
potential through the repeated-sales technique, the results of this prelimi- 
nary marketing test show that frozen pigeonpeas would probably be one of 
the best sellers among the frozen foods sold by supermarkets. 


COMMERCIAL PROCESSING 


The results of this work show that, for freezing, pigeonpeas may be proc- 
essed in the same way as for canning, except that the blanching treatment 
should be 5 minutes at 195° F. to ensure complete enzyme inactivation. 
Since the quality of the frozen product depends on the maturity of the 
pigeonpeas it may be necessary to resort to brine-grading to obtain the 
pigeonpeas at the best stage of development for processing. From the results 
obtained from other studies on the brine-grading of pigeonpeas the authors 
believe that it may prove feasible to brine-grade pigeonpeas into two grades, 
one suitable for freezing and one for canning. 


SUMMARY 

Studies were conducted to determine the feasibility of freezing pigeon- 
peas. The results obtained show that pigeonpeas can be successfully frozen 
for market. If the enzyme system is completely inactivated by proper 
blanching, no appreciable changes in flavor, texture, appearance, and in- 
tensity of off-flavor take place during storage at — 10° F. for 2 years. Blanch- 
ing in water at 195° F. for 5 minutes was found to be the best treatment to 
inactivate the enzyme system. Fully mature green peas with an alcohol- 
insoluble solid content of about 27 percent were found to be of better 
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quality when frozen than more tender or overripe peas. A preliminary 
marketing test run in four supermarkets: two in the San Juan Metropolitan 
area, one in the city of Ponce, and one in the city of Mayagiiez, indicated 
that frozen pigeonpeas offered to consumers in the off-season may be one 
of the best sellers among the frozen products. 


RESUMEN 


Se llevé a cabo un estudio para ver la posibilidad de congelar el gandur 
comercialmente. El resultado de este estudio indica que si se inactiva com- 
pletamente el sistema enzimatico del grano, mediante el escaldado adecuado, 
el producto después de congelado podria conservarse hasta por dos afios 
sin que sufra cambios en su sabor o en sus otras propiedades organolépticas. 
Para inactivar completamente el sistema enzimatico del grano es necesario 
tratarlo con agua a 195° F. por 5 minutos. La calidad del producto congelado 
depende del estado de madurez del grano, habiéndose encontrado que el gan- 
dur a un estado de madurez en el cual el grano esta completamente de- 
sarrollado pero atin verde y con un contenido de sélidos insolubles en al- 
cohol de 27 por ciento, tiene una calidad mas alta cuando se congela que 
el gandur mas tierno 0 mds maduro. Pruebas limitadas de mercadeo que 
fueron llevadas a cabo en cuatro supermercados del drea metropolitana de 
San Juan y de las ciudades de Ponce y Mayagiiez, han dado indicacién de 
que los gandures congelados han de tener una gran aceptacién entre los 
consumidores puertorriquefios si se ofrecen para la venta fuera de la época 
de cosecha. 
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The Influence of Degree of Maturity on the 
Quality of Canned Pigeonpeas 


F.. Sdnchez Nieva' 


INTRODUCTION 


The quality of canned pigeonpeas (Cajan cajan L) can be improved by 
the use of proper processing techniques and the control of processing vari- 
ables. Sanchez et al (1)? showed that discoloration of the brine and the 
development of objectionable haziness could be avoided by inactivating 
the enzyme system of the pigeonpeas before shelling. The length of the 
blanching treatment, the use of copper or iron in the processing equipment, 
and excessive head-space were found by Sanchez et al. (2) to affect the color 
and turbidity of the brine. The other important factor which determines 
the quality of canned pigeonpeas is the degree of maturity which affects 
color, flavor, and texture. 

The degree of maturity plays a very important role in the grading of 
canned pigeonpeas, and three quality criteria: The uniformity of the color 
as affected by the predominance of the green pigment; the condition of the 
brine with respect to viscosity, turbidity, suspended material and color; and 
the character influenced by the number of maturity cracks and sprouted 
peas, are all directly affected by the degree of maturity. 

The importance of maturity as a quality-determining factor in the can- 
ning of vegetables like peas, southern field peas, and lima beans has been 
established. Extensive work has been reported in the literature on the 
development of methods for the objective measurement of the maturity of 
peas (Pisum sativum L). Makower (3) reviewed most of the tests developed 
to measure the maturity of peas, such as tenderometer readings, alcohol- 
insoluble solids, total solids, specific gravity determination, and starch. 
Malcolm et al. (4) studied the suitability of these indices to measure the 
maturity of field peas (Vigna sinensis). 

The effect of maturity on the quality of canned peas has also been studied 
extensively. Woodruff e¢ al. (5) showed that the maturity of southern field 


' Technical Director, Food Technology Laboratory, Agricultural Experiment 
Station, University of Puerto Rico, Rio Piedras, P.R. The author wishes to express 
his gratitude to the various members of the staff of the Food Technology Laboratory 
for the assistance and cooperation during the course of this study. Special recognition 
is given to M. A. Gonzélez, J. R. Benero, and I. Herndéndez for their assistance in the 
operation of the pilot plant; to G. Colom Covas, who was in charge of the experi- 
mental planting used in this work; and to N. Dfaz and M. Matos for analyzing and 
grading some of the samples. 

* Italic numbers in parentheses refer to Literature Cited, p.231. 
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peas directly affected the quality, especially the color and appearance of the 
-anned product. The color and appearance of the peas canned while in the 
fully mature, but green stage were scored more than twice as high as for 
overmature or white peas. The overmature peas were darker in color and 
the liquor was very cloudy, with suspensions of pasty gelatinous particles. 
In the canning of field peas Malcolm et al. (4) showed that cloudiness of 
the liquor and gelation were related to maturity. The relation of maturity 
to yield and quality of raw and canned peas, corn, and lima beans was 
studied by Kramer (6). 

Objective maturity indices for pigeonpeas was studied by Sanchez et al. 
(7). Aleohol-insoluble solids, specific gravity, starch, total solids, and mois- 
ture were shown to be reliable maturity indices for pigeonpeas. A high 
correlation was shown to exist between the intensity of the green pigment or 
number of green peas in any sample, and starch, alchohol-insoluble solids, 
total solids, moisture, and specific gravity. Although the maturity of 
pigeonpeas can be determined easily by the use of any of the tests indicated, 
canners still purchase pigeonpeas by weight. Since mature peas weigh more 
than tender or fully developed green peas, farmers prefer to harvest the 
peas at a maturity which may not be the optimum for the canning of a 
high-quality pack. It was the purpose of this work to show the importance 
of maturity in the processing and canning of pigeonpeas, and the influence 
that the degree of maturity has on the quality of the canned product. 


MATERIALS AND METHODS 


PROCESSING METHODS AND SAMPLING 


Pigeonpeas of the Kaki and Saragateado varieties were processed in a 
pilot-plant line with a capacity of 500 pounds of pods per hour. Only one 
variety was processed for each set of experiments reported. The pods were 
steamed to inactivate the enzyme system, as described by Sanchez et al. (/) 
and shelled in a huller having a capacity of 500 pounds per hour. The 
shelled peas were flumed from the huller to a rod-reel washer with rods 
spaced at 5/16 of an inch. The rod-reel washer graded the peas into two 
sizes, those larger than the rod spacings which will be designated as ‘“‘pri- 
mary” peas, and those smaller that went through the rods which will be 
designated as “secondary” peas. Both types of peas were collected and 
weighed separately for the determination of yields. Only primary peas were 
used for canning. 

The primary peas were transferred in trays to a picking-belt where pickers 
removed defective peas only. After picking, the peas were blanched in 
water at 185° F. for 5 minutes. A stainless-steel rotary blancher with dual 
temperature control was used. The blanched peas were cooled in a rod-reel 
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washer and transferred to a second picking-belt where defective units which 
passed the first inspection, as well as mashed or crushed peas, were removed. 
The peas were packed in plain tin cans with C-enameled ends, 11.5 ounces 
to the can. Boiling 2-percent brine was added and the cans were closed and 
processed for 35 minutes at 240° F., followed by rapid cooling in water to 
100° I’. All cans were stored at 85° F. for 15 days before being analyzed 
and inspected. 

To prepare the samples listed in table 1, pigeonpeas consisting of about 


TABLE 1.—Effect of maturity on the percentage of splits, drained weight, volume and 
viscosity of brine, and grade classification of canned pigeonpeas 











Alcohol-insoluble solids | | | e | | i 
———_—_—_—_—| Yellow peas |Maturity cracks| = | Vie of Viscoatty Grade! 
Dry basis | Wet basis | | | | 

Percent Percent | Percent | Percent | Ounces | Milliliters | —_* 

30.13 | 224 | 51.4 | 800 | 7 | 10 | 26] 8 
27.33 | 20.45 | 46.1 | 27.9 17 | «1388 | 33.4 | 8 
28.75 | 21.49 | 31.3 | 22.1 16 160 | 39.6 | S 
28.64 | 21.45 | 30.6 | 21.9 16 170 =| 25.8 | C 
27.80 20.79 | 28.5 | 21.0 15 200 | 21.7 C 
27.35 | 20.44 23.6 | 19.2 15 199 | 20.2 | B 
26.99 20.51 21.0 | 18.1 16 =| «6200 | 16.9 | B 
25.62 | 19.34 13.6 | 100 | 15 185 | 16.2 | B 
24.88 | 18.94 | 13.2 11.2 14 199 | 12.8 | B 
25.45 19.47 | 7.7 6.0 | 14 205 | 11.7 | A 
24.38 | 18.93 | 69 | 58 | 14 | 210 | 115 | A 
23.17 | 17.90 | 3.1 3.2 14 210 =| 9.3 | A 
23.62 | 18.27 | 6 sa + 2 225 | 106 | A 





1A, B, and C designate the grade of the product in accordance with the stand- 
ards of the Commonwealth of Puerto Rico Department of Agriculture: S = Sub- 
standard. 


50-percent fully mature and 50-percent overripe yellow peas were brine- 
graded after blanching, using a brine of specific gravity 1.11. Yellow peas 
in the floaters were removed by hand; so were green peas in the sinkers. 
Green and yellow peas were then mixed in such proportion as to obtain 
the percentage of yellow peas in the canned product as indicated in table 1. 
The peas were canned and processed as indicated. 

To determine the effect of maturity on shelled-out percentage and yields, 
pigeonpeas of the Kaki variety were harvested at different stages of develop- 
ment as follows: Kighteen rows each containing from 102 to 143 trees were 
randomized for sampling. When they attained the stage where fully de- 
veloped peas were more abundant, three rows were harvested, all pods being 
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picked regardless of the stage of development, except the dry. Three rows 
selected at random were then harvested in the same way at intervals of 3, 
6, 9, 13, and 16 days after the first harvest. The peas from each row were 
delivered to the Laboratory the same day in which they were picked and 
were stored at 45° F. until processed. The peas from each row were pro- 
cessed separately as already described. Average values for the three rows 
harvested at each time interval are given in table 2. 


ANALYTICAL METHODS 


Alcohol-insoluble solids were determined by the AOAC procedure (8) 
modified as follows: The sample for analysis was prepared by dispersing a 
known weight of pigeonpeas with an equal weight of water in a Waring 


TABLE 2.—Shelled-out percentage and yields of No. 2 cans obtained from processing 
pigeonpeas at several stages of maturity as indicated by the alcohol-insoluble 
content 





| No. 2 cans |Cases of 24- —No. 


aie" > peal Total shelled produced from | 2 cans produced 





Primary peas | Soenioee a 





—_ | oe | eee ~ | ee | eee 
| | | 

Percent | “Percent | Percent | Number i Number 
23.19 | 2.92 | 6.77 | 29.34 | 28.57 | 1.19 
24.84 | 28.91 6.46 | 35.35 33.50 | 1.40 
26.51 | 35.30 5.09 | 40.41 | 41.20 | 1.72 
27.39 | 87.55 | 4.81 42.66 | 47.20 1.97 
29.39 | 40.44 | 4.23 44.67 49.1 | 2.05 
28.84 | 39.53 4.03 | 43.54 48.16 | 2.00 
| 46.79 | 61.0 | 2.18 


30.17 | 43343 3.66 





blendor. About 15 gm. of this mixture are transferred to a 600-ml. beaker 
and extracted for 30 minutes with 80-percent alcohol. After the extraction 
was complete, the sample was filtered, the solids were washed with alcohol 
until the filtrate was free from coloring matter, and the washed solids were 
transferred to an aluminum dish and dried at 100° C. for 2 hours. 

To measure the color of the brine, 30 ml. of brine were taken from a can 
immediately after opening and placed in a Hellige No. 8010-50 cup, 50-mm. 
viewing depth. The color of the brine was measured by transmission in a 
Hunter color and color-difference meter calibrated for T = 99, a = 0, 
b = 0. Color values are calculated from the equation: Color of brine = 
VT? + a@& + ©, where 7, a, and b are the values read directly from the 
meter scale. Since the color is measured by transmittance, high values for 
color indicate lighter colored and less turbid brines. 

Turbidity of the brine was measured in the Klett-Summerson colorimeter 
using a No. 47 blue filter. A sample of the brine was taken from a can im- 
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mediately after opening and diluted with an equal volume of distilled water. 
A 10-ml. sample was placed in the colorimeter tube and the transmittance 
measured. Turbidity is expressed as Klett-Summerson scale units as read 
directly from the meter scale. High values of turbidity indicate highly tur- 
bid brines, while low values indicate brines of low turbidity. 

The viscosity of the brine was measured in a glass pipette with a restricted 
tip by measuring the time taken for a known volume of brine to flow from 
the pipette. All measurements were made at 27° F. + 1°. Viscosity values 
are expressed in seconds of flow. 

The grade and score of the canned sample for the different quality cri- 
teria measured were determined by accordance with the standards issued 
by the Commonwealth of Puerto Rico Department of Agriculture. 


RESULTS AND DISCUSSION 


In the study of the effect of maturity on product quality, two approaches 
are possible: To determine the maturity of the raw peas before canning, or 
to base the study on the maturity of the canned product itself. The first 
approach offers the advantage that the different quality criteria can be 
correlated to the maturity of the fresh peas, and such data would be of 
great value in predicting the quality of the pack when the maturity of the 
raw peas is known. For the purpose of this work, to study the effect of 
maturity on product quality, such an approach has the disadvantage of 
introducing an uncontrollable error because of the variation in composition 
usually encountered in the processing of pigeonpeas. 

It is preferable to use the second approach for determining the maturity 
of the canned product, and correlating it with the different quality criteria. 
Knowing the maturity of the peas in the can examined makes it possible to 
more precisely correlate the effect of maturity with the different quality 
criteria used in grading the canned product, and at the same time, use fewer 
samples to obtain the desired data. Throughout this work, the effect of 
maturity on the quality of the canned product is based on the maturity of 
the peas directly in the can under study. 

Several measures can be used to determine the maturity of pigeonpeas. 
Sanchez et al. (7) showed that correlation coefficients significant at the 
1-percent probability level were obtained for starch, alcohol-insoluble solids, 
total solids, and specific gravity when correlated with the number of green 
peas in any sample of fresh pigeonpeas. Of the different maturity indices 
proposed by Sanchez, alcohol-insoluble solids have been found to be the 
more precise for the determination of maturity of canned pigeonpeas. This 
determination is less subject to analytical errors than the determination of 
starch. Specific gravity measurements are not adequate, since the liquor 
adsorbed by the processed peas makes it impossible to obtain reliable meas- 
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urements. Total-solid determinations are likewise influenced by the quan- 
tity of liquor adsorbed by the drained peas, which becomes greater the 
more mature the peas are. 

It, was shown by Sanchez et al. (7) that, as pigeonpeas mature, the aleohol- 
insoluble solids, and the number of yeallow peas increase. Therefore, an in- 
crease in the number of yellow peas indicates that the sample is more 
mature. If alcohol-insoluble solids is a reliable indication of maturity in 
canned pigeonpeas, the increase in the number of yellow peas should be 
paralleled by a corresponding increase in the value for the alcohol-insoluble 
solids. That this holds true for the canned product, was shown when the 
values for alcohol-insoluble solids given in table 1 were plotted against the 
corresponding number of yellow peas in the can. 

A straight-line relationship was obtained which is shown in figure 1. The 
experimental correlation coefficient found for these values was 0.831 which 
is significant at the 1-percent probability level. The high correlation be- 
tween the alcohol-insoluble solids of canned pigeonpeas and the number of 
ovelripe peas in the can permits us to use either of these two measures to 
indicate the maturity of the product in the can. 

Data to show the effect of maturity on the number of splits, drained 
weight, volume of brine, and grade of canned pigeonpeas are given in table 1. 
As the percentage of alcohol-insoluble solids increases, the percentage of 
yellow peas in the can shows a parallel increase, and the percentage of peas 
with broken skins and with cracks greater than one-sixteenth of an inch 
also increases. The percentage of cracked peas is directly related to maturity 
as can be seen from figure 2, where the regression equation for the increase 
in the percentage of splits with alcohol-insoluble solids is shown. The data 
in table 1 also show that drained weight increases with maturity. The in- 
crease in drained weight is due to the higher absorption of the liquor by the 
more starchy peas. As the peas become more soaked, not only drained 
weight increases, but the peas swell, become more densely packed in the 
can, and mashing and rupturing of the skin results. 

As more liquor is absorbed by the more mature peas the volume of the 
brine decreases and the viscosity increases. The effect of maturity on the 
volume and viscosity of the brine is shown in figures 3 and 4. 

Maturity also has a direct effect on the color and turbidity of the brine. 
The change in the color and turbidity of the brine with the increase in the 
percentage of yellow peas in the can is shown by the data in table 3 and by 
the curves in figures 5 and 6. As more ripe or overmature peas are canned, 
the brine becomes darker and more turbid. 

Since the number of cracked peas in the can, the viscosity, turbidity, and 
color of the brine, as well as the number of yellow peas in the can, enter into 
consideration in grading the product, as maturity increases, it is reasonable 
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to expect that the quality of the canned product will be adversely affected. 
The characteristics of the drained liquor are first considered in grading canned 
pigeonpeas. The viscosity, turbidity, quantity of suspended matter, and 
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Fic. 1.—Relation between number of overmature yellow pigeonpeas in the can and 
alcohol-insoluble solid content. 


color of the brine are taken into consideration in rating the product. Fancy 
peas should have a brine of low viscosity and turbidity, free of suspended 
matter and almost colorless. Color of the drained peas is another factor con- 
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sidered in grading the product. Color with respect to the predominance of 
the green pigment also determines the grade, as fancy peas should have a 
green color typical of processed green peas, and the number of yellow peas 
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Fig. 2.—Relation bet ween maturity and percentage of splits in canned pigeonpeas. 


should not be so great as to affect the uniformity of the product from the 
color standpoint. Another factor taken into consideration in grading the 
product is the character of the peas, which is a measure of the percentage of 
overripe peas and of the splits. 
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Since all the quality criteria mentioned above have been shown to be 
dependent on the maturity of the pigeonpeas, as indicated by the percentage 
of yellow peas, it is to be expected the grade of the canned product should 
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Fic. 3.—Relation between alcohol-insoluble solids and volume of brine in canned 
pigeonpeas. 


decrease as maturity increases and as the number of yellow peas in the can 
increases. 
The effect of the increase in the number of yellow peas in the can on the 
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grade given to the canned product can be seen from the data in tables 1 
and 4. There is a direct relationship between grade and maturity. The qual- 
ity and, therefore, the grade of the product decreases as the number of 
yellow peas in the can increases. If the data in table 4 are rearranged to 
show the range of values obtained for each grade, as given in table 5, it is 
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Fic. 4.—Relation between alcohol-insoluble solids and viscosity of brine of canned 
pigeonpeas. 
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clearly seen that, for an A-grade product, the alcohol-insoluble solid content 
and the number of yellow peas in the can should not exceed certain limits. 

Likewise, all samples graded in the B and C groups had an alcohol-in- 
soluble-solid content and percentage of yellow peas within a certain range. 
It should be noted that there is an overlapping in the percentage of yellow 
peas and alcohol-insoluble solids for grades B and C. Since grade determina- 
tion is completely based on subjective measurements of the different qual- 
ity criteria, it is difficult to clearly establish a difference between border- 
line samples in the lower grades. In such cases the presence of defects 


TaBLE 3.—Content of yellow peas in samples of pigeonpeas, and color and turbidity of 
brine from same can on which the count was made 








Yellow peas in the cans in | Turbidity of brine in Klett- | Color of brine 

percentage by count Summerson units | V(T2 + a2 + 62) 
1.0 195.5 41.45 
EEG 212.8 35.48 
8.90 193.5 40.90 
7.84 186.3 41.80 
17.29 251.7 34.63 
18.62 182.0 40.95 
18.43 283.5 33.02 
16.92 203.0 42.67 
19.39 245.0 36.40 
27.11 268.8 34.52 
18.99 241.3 37.40 
33.71 304.0 31.77 
22.32 274.2 33.05 
22.45 284.0 35.85 
24.30 243.0 36.45 
24.90 287.0 30.60 
25.39 302.5 28.70 











taken into consideration when the product is graded may determine the 
grade, regardless of maturity. 

The data in tables 4 and 5 should not be taken as indicative of the limits 
of alcohol-insoluble solids and percentage of yellow peas for each of the 
grades A, B, and C. This is true only for the experimental samples studied. 
In commercial operations, where it is to be expected that the quality of the 
canned pigeonpeas will always be lower than in the samples canned in the 
Laboratory, some other range of values may be found. The data here pre- 
sented are intended to indicate the dependence of grade, and hence of the 
quality of canned pigeonpeas, on the maturity of the fresh product. 

Since maturity determines the grade of the canned product it is pertinent 
now to determine the effect of maturity on shell-out percentage and yields 
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in terms of cans produced. In table 2 the total shelled-out percentage and 
yields of No. 2 cans obtained when processing pigeonpeas at different stages 
of development are shown. Yields in terms of No. 2 cans produced are based 
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Fic. 5.—Relation between number of yellow pigeonpeas in the can and turbidity 
of the brine. 


on the recovery of primary peas per 100 pounds of pods processed. As in all 
our experiments, the secondary peas, which are those of small size that go 
through the spacings of the rod-washers, are discarded. The data show that 
higher shelled-out percentage and higher yields of No. 2 cans are obtained 
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when the peas become more mature. To obtain higher yields of peas it is 
necessary to process more mature peas, and this will result in a lowering 
of the quality of the product. 
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Fic. 6.—Relation between number of yellow pigeonpeas in the can and brine color. 


In conditions under which the pigeonpea canning industry now operates 
where canners buy the raw peas on a weight basis, it is to be expected that 
yields obtained will receive particular attention, since the higher the yields 
the higher will be the net return to the processor. Under such a system qual- 
ity becomes of secondary importance. Since the quality of the canned 
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pigeonpeas is determined by the maturity, instead of buying pigeonpeas on 
a weight basis, a system should be established whereby pigeonpeas are 
sold on a quality basis, making it possible for canners to process pigeonpeas 
at the optimum stage of maturity and be able to can a product falling in 
the A and B classification and yet make a reasonable profit. 


TABLE 4. —Gr ade classification for pigeonpeas canned at diffe rent Stages of maturity 











Grade A | Grade B | Grade C 
pi og i ALS. | Percentage of | | ALS! | go | ass 
| 

7.0 | 20.26 | 20.1 20.97 | 27.4 | 24.18 
6.7 | 20.92 | 224 | 22.32 | 19.0 | 23.83 
1.8 20.35 | 21.5 | 22.33 | 21.0 24.01 
2.3 | 20.49 | 23.2 | 24.49 34.3 24.33 
2.8 } 20.11 | 22.1 | 24.3 | 16.3 | 24.58 
1.96 | 19.65 | 27.7 23.29 | 206 | 23.77 
6.1 20.93 | 17.2 | 24.91 | 36.5 | 21.87 
8.6 |} 19.74 | 12.1 21.90 | 17.0 | 25.67 
3.6 | 18.87 14.0 21.48 | 32.4 | 23.44 
2.3 20.56 20.0 | 24.02 | 32.6 | 24.30 

7.3 | 19.16 | 23.7 | 24.64 | | 

| 17.7 21.67 | | 

10.5 | 21.67 | 

14.3 | 23.02 





1 Alcohol- insoluble solids in canned pigeonpeas. 


TABLE 5. —Data in table 4 rearranged to show range of values for each grade 











| Yellow peas (percent) Alcohol-insoluble solids (percent) 














Grade a |- — 
Range of values Mean value Ez Range of values | Mean value 
ion | |- = 
A 1.8-8. - 4.59 | 18.87-20.93 {| 20.09 
B | 10.5-29.1 | 19.57 | 20.97-24.63 | 22.93 
C | 16.3-36. 25.54 | 21.87-25.67 | 23.90 
SUMMARY 


The effect of maturity on the quality of canned pigeonpeas was studied. 
Various quality criteria such as drained weight, volume, and viscosity of 
the brine, color and turbidity of brine, and uniformity of color with respect 
to the predominance of green pigment were found to depend on the maturity 
of the pigeonpeas processed. It was found that higher drained weights were 
obtained as maturity increased. The viscosity of the brine increased while 
its volume decreased and the brine became darker and had a higher tur- 
bidity. Since all these quality criteria are taken into consideration in grad- 
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ing the product, the maturity of the pigeonpeas being processed will deter- 
mine the grade of the canned product. 

Since higher shelled-out percentages are obtained as the pigeonpeas be- 
come more mature, processors may process peas at a stage of development 
which may lead to a lowering of the quality of the canned product. To in- 
sure a high-quality pack it is suggested that pigeonpeas should be bought 
by the processor according to quality or maturity, and not on a weight 
basis. 


RESUMEN 


Se llevé a cabo un estudio para determinar de qué modo la madurez del 
gandur afecta la calidad del producto cuando se envasa. Los datos obteni- 
dos demuestran que el peso escurrido aumenta a medida que el grano esta 
mds maduro. La madurez excesiva del grano afecta también el volumen, la 
viscosidad, la turbiedad y el color de la salmuera. 

Cuando se elaboran gandures en un grado de madurez excesiva, el volu- 
men de la salmuera disminuye; la turbiedad y viscosidad aumentan y el 
color se oscurece. Esto no sucede cuando se envasan gandures mas tiernos. 

No obstante, se ha comprobado que se obtienen rendimientos mas altos 
cuando se envasan gandures maduros y que, ademas, es posible envasar 
mayor ntimero de latas por quintal de producto. Sin embargo, se corre el 
riesgo de que se procese gandur en un grado tal de madurez que afecte la 
calidad éptima del producto elaborado. Para enlatar gandures de alta cali- 
dad—para lo cual es necesario envasar el grano en un estado de madurez 
menos avanzado—sugerimos que se establezca un sistema mediante el cual 
el gandur se compre segtin su madurez, no segtin su peso como acontece 
en la actualidad. 
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The Effects of some Processing Variables on the 


Quality of Canned Pigeonpeas 


F. Sanchez Nieva, M. A. Gonadlez, and J. R. Benero! 


INTRODUCTION 


Although pigeonpeas (Cajan cajan L.) have been commercially canned 
in Puerto Rico and other Caribbean countries for many years, limited in- 
formation only is available on processing methods. In commercial canning 
operations pigeonpeas are handled and processed like peas (Pisum sativum). 
The commercial canned product is normally characterized by having a dark 
brine of high turbidity. Sanchez et al. (1)? developed an improved process 
for canning pigeonpeas by the use of which it is possible to obtain a product 
with an almost colorless brine, free of suspended solids. The essential step 
of this process consists of inactivating the peroxidases of the peas in the 
pod stage by steaming the pods before shelling. This improved process not 
only prevents discoloration of the brine, but also improves the overall 
quality of the canned product. 

During the development of this new process the authors observed that 
some other factors besides enzyme inactivation before shelling were affect- 
ing the color and turbidity of the brine of the canned product. The examina- 
tion of many samples of pigeonpeas canned by the new process showed that 
darkening of the brine could not be attributed always to incomplete inac- 
tivation of the enzyme system before shelling. It was also observed that 
the color and turbidity of the brine of canned samples from the same lot 
showed a great variation, even when the peroxidases had been completely 
inactivated. 

A critical study of the possible causes of the unexpected variation in the 
color and turbidity of the brine clearly suggested that some specific proc- 
essing variables may be responsible for these changes, namely the length 
and temperature of postharvest storage, the blanching treatment, the use 
of metals other than stainless steel in the contact surfaces of the processing 
equipment, the type of cans used, the length of the holding-time before re- 
torting, the cooling of the cans, and the storage of the canned product 
before analysis and inspection. 

1 Technical Director, Assistant Chemical Engineer, and Assistant Chemist, respec- 
tively of the Food Technology Laboratory of the Agricultural Experiment Station, 
University of Puerto Rico, Rio Piedras, P.R. The authors wish to express their 
gratitude to all those members of the staff of the Food Technology Laboratory who 
assisted in the development of this work by analyzing samples or participating in the 
taste tests. 

2 Italic numbers in parentheses refer to Literature Cited, p. 258. 
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PROCESSING METHODS USED 


Pigeonpeas of the Kaki and Saragateado varieties were processed in a 
pilot line with a capacity of 500 pounds of pods per hour. Only one variety 
was used for each set of experiments. The pods were steamed to inactivate 
the enzyme system as described by Sanchez et al. (1) unless otherwise in- 
dicated. The steamed pods were shelled in a huller and the shelled pigeon- 
peas flumed from the huller to a rod-reel washer. The small pigeonpeas 
going through the spacings of the washer were discarded, only the primary 
discharge from this machine being used for processing. The peas were 
transferred in trays to a picking-belt where defective peas were removed. 
From the picking-belt a rubber-cleat elevator moved the peas to a rod- 
reel washer which discharged directly into the blancher. The pigeonpeas 
were blanched in water at 185° F. for 5 minutes in a rotary blancher 
equipped with dual temperature controls to maintain uniform temperature 
throughout. The blanched peas were cooled in a rotary rod-reel washer and 
transferred to a second picking-belt for a final selection. The peas were 
packed in plain tin cans with C-enameled ends or in fully enameled cans. A 
fill-in weight of 11.5 ounces was always used. Hot 2-percent brine at 200° F. 
was added, or hot water and one 70-grain salt tablet instead. The cans were 
immediately closed and processed at 240° F. for 35 minutes and cooled in 
the retort; they were air-dried and stored at room temperature (85° F.) 
until used. 


ANALYTICAL METHODS USED 


LABORATORY PROCEDURES 


Color of brine and pigeonpeas was measured with a Hunter color and 
color-difference meter. For measuring the color of the brine, 30 ml. of 
brine taken from a can immediately after opening were placed in a Hellige 
No. 8010-50 cup, 50-mm. viewing depth, and the color was measured by 
transmittance with the meter calibrated for T = 99, a = 0, b = 0. Color 
values were calculated from the equation. Color of brine = ~/7? + a2 + B?, 
where 7’, a, and 6 are the values read directly from the meter scales. Low 
values for the color index indicate dark-colored and high values light- 
colored brines. The pigeonpeas after draining from the can were placed in 
the same type of Hellige cup and their color was measured with the meter 
adjusted for reflectance measurements against a standard color-plate with 
values of Ra = 9.7,a = —0.1,b + 19.6. A color index was obtained from the 
color equation, ~/R + a? + b?. Since most samples had almost the same 
color, it was felt unnecessary to calculate color difference between the sam- 
ple and the standard. 

Turbidity of the brine was measured in the Klett-Summerson colorimeter 
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using a No. 47 blue filter. A sample of the brine was taken immediately after 
opening the can and diluted 1:1 with distilled water. A 10-ml. sample was 
placed in the tube and the transmittance read. Turbidity measurements 
are expressed in Klett-Summerson scale units. High values for turbidity 
indicate less transparent brines, and low values brines of low turbidity. 

Drained weight was determined by the standard USDA procedure (2) by 
draining for 2 minutes in a sieve 8 inches in diameter containing 8 meshes 
to the inch. Alcohol-insoluble solids were determined by the AOAC method 
(3). The tenderness or hardness of pigeonpeas treated with CaCl: solutions 
was measured as follows: A Luer syringe was clamped in a vertical position 
with the plunger downwards. The syringe was connected to a pressure-con- 
trolling valve through which air at any desired pressure could be admitted 
to the syringe. A low-reading air gage was connected to the system. Individ- 
ual peas were placed under the plunger of the syringe and air pressure 
applied until the peas were deformed and the cotyledons lost their shape. 
The pressure at which the cotyledons broke was recorded and used as a 
measure of tenderness or hardness. 


ORGANOLEPTIC TESTS 


For quality appraisal based only on the color and turbidity of the brine 
the cans were opened carefully so as not to disturb the brine. Tasters were 
required to base their judgment on the appearance of the product in the 
can with respect to the color and turbidity of the brine and the appearance 
of the peas under the brine. Rating of the drained peas was carried out 
under daylight. 

For flavor evaluation the drained pigeonpeas were served to tasters in 
white porcelain dishes in an air-conditioned booth under red light. Tasters 
were required to rate the product on a 5-point scale with respect to flavor, 
intensity of off-flavors, and tenderness. 


GRADE DETERMINATION 


Score and grade were determined according to the standards issued by 
the Commonwealth of Puerto Rico Department of Agriculture. 


RESULTS 


EFFECT OF COLD STORAGE OF PODS ON QUALITY 
OF CANNED PRODUCT 


In the commercial processing of the pigeonpeas the processing plants 
may receive more peas than they can handle during the peak of the crop. 
The surplus material is usually piled up in jute bags for 2 or 3 days before 
processing. During storage at room temperature the peas heat to such an 


. 


extent that the authors have measured temperatures in excess of 100° I’. 
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inside the bags. This results in the discoloration of the peas and in the de- 
velopment of off-flavors. In the course of our work we were faced with the 
old problem of receiving at the Laboratory more pigeonpeas than we 
could process in a day. It was felt important to investigate whether they 
could be kept in good condition for processing later on if the pods were 
stored at 45° F. as soon as received. 

The pods were packed into 4/5-bushel wooden crates and stored in a 
walk-in refrigerator at 45° F. Lots of suitable size for processing were re- 
moved from the refrigerator the next morning after being received, and 
processed. Other lots from the same truckload were processed at regular 
intervals later on. Processing data were carefully recorded to determine 
whether cold storage had any effect on the shelled-out percentage obtained 
and on the efficiency of the processing line. The processing data obtained 
when the pigeonpeas were processed after being stored at 45° F. for half a 


TABLE 1.—Effect of storing fresh pigeonpeas in the pods at 45° F. for different periods 
on the performance of the processing line 





Results after storage at 45° F. for— 











| 
Item 
| 0.5 day | 5 days 9 days 
Primary peas, percentage of pods | 41.69 | 42.0 39.82 
Secondary peas, percentage of pods 2.36 | 2.31 2.42 
Shelled-out percentage 44.05 44.3 42.24 
No. 2 cans produced per 100 lb. processed | 52.6 | 52.5 50.0 





day, for 5 days, and for 9 days are given in table 1. The data show that the 
cold storage of the pods had no effect on the efficiency of the processing line. 
The shell-out percentage of peas was about the same for all three runs. 
The lower shell-out percentage from the last lot processed after storage for 
9 days is not significant and is within the normal variation to be expected. 
The number of cans theoretically produced was similar for the three runs. 
In calculating the yield of cans per 100 pounds of pods processed it was 
necessary to base the calculations on the yield of pigeonpeas obtained after 
shelling and picking, and not on the actual number of cans produced. Un- 
controlled losses at the filling station introduced an appreciable error in 
figures based on the number of cans produced. 

It was observed that the pods showed a tendency during cold storage to 
become tougher, which might make shelling more difficult. However, since 
the pods were steamed before shelling to inactivate the enzyme system, this 
treatment reduced the toughness to a point where the huller operated as 
efficiently as with fresh pods. 

Examination of the canned product showed that the storage of the pods 
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at 45° F. for 9 days had no effect on the quality. When the canned pigeon- 
peas were graded according to the standards of the Commonwealth De- 
partment of Agriculture it classified as an A-grade product. Similarly, cold 
storage had no appreciable effect on the color or turbidity of the brine, as 
can be seen from the data in table 2. Organoleptic appraisal of the product 
also indicated that no major change in organoleptic properties took place 
during storage. Results from the organoleptic tests are given in table 3. No 


TABLE 2.—Effect of storing fresh green pigeonpeas in the pods at 45° F. for different 
periods on the quality of the canned product 














Results after storage at 45° F. for— 
Characteristic a 
0.5 day | 5 days | 9 days 
Liquor-classification score | 14.0 | 14.0 | 14.0 
Color-of-peas score 22.4 | 22.3 | 23.1 
Defect score 29.50 | 29.4 | 29.6 
Character score 29.6 | 29.2 | 29.6 
General classification grade A | A | A 
Turbidity of brine | 297 | 298 | 330 
Color of brine 36.0 | 35.0 | 33.2 


TABLE 3.—Effect of storing fresh pigeonpeas in the pods at 45° F. for different periods 
on, the organoleptic properties of the canned pigeonpeas 








| Rank on 5-point scale after number of days in storage indicated 











Characteristic | TEEN 
0 | 5 9 
Appearance of brine in the can | 3.3 a 2.1 
General appearance of product | 2.7 | 2.5 2 
in the can | 
Appearance of drained peas | 2.5 | 3.1 3.3 





significant difference could be established in flavor, quality, tenderness, or 
intensity of off-flavors among samples from the lots processed after cold 
storage for the times indicated. 

Cold storage of the pods has been shown to be feasible for as long as 9 
days. Since no changes in shell-out percentage or in the quality of the canned 
product could be found to have taken place when the pods were stored at 
45° F. for 9 days, cold storage of the pods should be used to avoid the heavy 
losses usually encountered by canners from the processing of pods which 
have been stored for several days at room temperature. Cold storage of the 
pods will assure the production of a high-quality pack throughout the sea- 
son. 
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EFFECT OF THE BLANCHING TREATMENT ON THE 
QUALITY OF CANNED PIGEONPEAS 


Sanchez et al. (1) showed that when pigeonpeas are processed by steaming 
the pods before shelling, a postwater blanching treatment is essential to ob- 
tain a canned product with a colorless brine. Since the enzyme system has 
been inactivated prior to the blanching treatment, blanching can be thought 
of as improving the color and turbidity of the brine by removing or render- 
ing soluble some color-forming constituent which may later react, possibly 
with iron or some other metallic ion, to form dark-colored compounds. 
Evidence to support this theory was obtained from the following experi- 
ments: 

Fresh pigeonpeas were boiled in distilled water in a glass beaker. They 
were drained and a colorless extract was obtained. When a few drops of 
FeCl; were added a bluish-black color developed which closely resembled 


TaBLE 4.—Effect of length of blanching period on the drained weight and color and 
turbidity of brine od canned pigeonpeas 





Factor determined Results when blanching at 180° F. 





| 
aaa of bl: nein eee minutes ef 5 | 7 9 | 11 
BieW WEMENG 3.005.05532-000 e045 ounces es | 11.75 | 11.75 | 11.75 11.75 
Drained weight. ............... do. | 12.8 | 13.1 | 12.9 12.8 
Turbidity of brine | 170 | 139 | 146 112 
Color of brine | 42.6 | 650.5 | 50.2 | 56.5 





that of discolored brine. It is reasonable to assume that, if the color-forming 
substances can be water-extracted, the length of the blanching treatment 
will have a direct effect on the color and turbidity of the brine. 

The data given in table 4 show that when pigeonpeas were blanched at 
180° I. the color and turbidity of the brine decreased as the length of the 
blanching treatment was increased. It should be noted that the color index 
has a high value for light-color brines and vice versa, the darker the brine 
the lower the value of the color index. It can be seen from the data that 
when the length of the blanching treatment was increased from 5 to 11 min- 
utes, a reduction of 58 units in the turbidity of the brine took place. A 
lighter color was likewise obtained. 

The data in table 4 also show the effect of the length of the blanching 
treatment on the drained weight. At 180° F. no increase in drained weight 
was obtained when the blanching treatment was extended from 5 to 11 
minutes. The blanching temperature was thus found to have little if any 
effect on the drained weight. Table 5 shows that blanching treatments vary- 
ing in length from 5 to 7 minutes at temperatures of 180° F., 190° F., 195° F., 
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and 200° F., had little effect on the drained weight. It should be noted that 
the blanching treatment had little or no effect in preventing or increasing 
the rupturing of the epicarp of green and yellow peas. The data in table 5 
clearly indicate that rupturing of the epicarp is related to maturity rather 
than to the blanching treatment. On counting the peas in the can, it was 
observed that fully developed green peas showed less tendency to crack 
than fully mature yellow peas. The percentage of cracks in the green peas 
was around 30 of the total number in the can, while more than 85 percent 
of the mature yellow peas showed cracks. 

As has already been pointed out the length of the blanching treatment 
affects the color and turbidity of the brine, possibly by rendering color- 
forming substances soluble. Then it is to be expected that the rate of flow 
of make-up water through the blancher should also have a direct effect on 


TABLE 5.—Effect of blanching treatment on drained weight 
and percentage of split pigeonpeas 





| Splits 








| | 
Blanching treatment | Fill-in | Drained | — 
| Green peas | Yellow peas 
Ounces Ounces | Percent | Percent 
180° F. for 5 min. 3 | 42 | 33.7 | 92.41 
190° F. for 7 min. | 1 | 18.5 | 24.6 | 88.88 
195° F. for 6 min. | 13 | 184 | 23.7 | 84.08 


200° F. for 5 min. | 13 13.8 36.98 | 89.58 





the color and turbidity of the brine of the canned peas. If the substances 
removed from the peas during the blanching treatment concentrate in the 
water unless the peas are thoroughly washed afterwards, it is to be expected 
that carryover of the blanch water may lead to a darkening of the brine 
and to an increase in the turbidity. 

To determine the effect of the rate of flow of the make-up water through 
the blancher the following experiments were carried out. Pigeonpeas were 
processed continuously at an average rate of 500 pounds per hour. The 
processing line was operated for several hours. The rate of flow of water 
through the blancher was adjusted at 0.27 gallons per minute (g.p.m.) for 
one experiment and at 0.54 g.p.m. for the other. A third run was made 
in which the blancher was filled with water to the overflow level, but no 
make-up water was used throughout the run. Every half-hour a sample of 
the water from the blancher was taken and the turbidity measured. At the 
same time several cans coming out from the line were marked for analyses. 

The effect of the rate of flow of the make-up water to the blancher on 
the turbidity of the water in the blancher is shown in figure 1. As can be 
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seen, the turbidity of the water in the blancher increased rapidly when no 
water was admitted. At a flow of 0.27 g.p.m. less fouling of the water took 
place, but the curve shows that concentration of colored substances in the 
water in the blancher continued. When the rate of feed was 0.54 g.p.m. it 
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Fic. 1.—Effect of rate of flow of make-up water to the blancher on the turbidity 
of the water in the blancher. 


was possible to reduce the fouling and the concentration of the colored 
substances, although the color and turbidity of the water was still increas- 
ing at the end of the experiment. 

The canned samples taken from the line at regular intervals from each 
of the three experiments were opened 15 days later and the color and tur- 
bidity of the brine measured. The data obtained from these analyses are 
given in tables 6, 7, and 8. When the color and turbidity of the brine were 
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plotted against the pigeonpeas which had been processed by the time the 

samples were taken, the curves shown on figures 2 and 3 were obtained. 
Examination of the data from these experiments shows that the first 

samples taken from the line had a low color and turbidity (figs. 2 and 3), 


TaBLeE 6.—T'urbidity of the brine of canned pigeonpeas blanched without 
admitting make-up water to blancher 











| Values for turbidity of brine after processing the weight of pigeonpeas indicated 








Sample No. —— = : $$ 
300 Ib. 600 Ib. 900 Ib. 1,200 Ib. 

1 181 202 193 | 202 

2 196 193 | 220 | 206 


3 | 176 | 179 | 231 | 211 





TABLE 7.—Color and turbidity of brine of canned pigeonpeas when blanched with a 
rate of flow of make-up water to blancher of 0.27 g.p.m. 


Pigeonpeas processed Turbidity of Turbidity of the brine Color of brine of 








(pounds) | blancher water | of canned product canned product 
50 2 186 | 18.7 
305 14 | 222 | 15.8 
611 34 | 206 15.1 
916 45 212 17.9 
1,460 59 223 16.3 








TaBLE 8.—Color and turbidity of brine of canned pigeonpeas when blanched with a 
rate of flow of make-up water to blancher of 0.54 g./m. 





Turbidity of blancher Turbidity of brine of | Color of brine of canned 


Unshelled pigeonpeas 
water canned product product 


processed (pounds) 





| 
| 
340 | 12.2 194.0 | “ 
660 | 16.0 219.0 | 18.4 
1,000 | 20.5 | 187.5 | 16.9 
1,340 27.0 | 20.10 18.5 
1,680 | 47.1 | 216.0 18.9 
2,271 | 55.5 | | 





but in samples taken later on the color and turbidity tend to level off. It is 
interesting to note that the samples taken from all three experiments had 
similar values for color and turbidity of the brine and showed about the 
same degree of variation among samples. In all three experiments, after the 
first 500 pounds of pods were processed, or the line was run for 1 hour, the 
values for color and turbidity of the brine of the canned product showed a 
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tendency to level off, indicating that the rate of flow of the make-up water 

to the blancher had no effect on the color and turbidity of the brine. 
Before reaching the conclusion that the rate of flow of make-up water to 

the blancher has no effect on the color and turbidity of canned pigeonpeas, 
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Fic. 2.—Effect of rate of flow of make-up water to the blancher on the turbidity 
of the brine of canned pigeonpeas. 


it is necessary to consider the experimental conditions under which the ex- 
periments were run to see if the results obtained were caused by other 
processing variables. 

The data in tables 6, 7, and 8, and in figures 1, 2, and 3 show that the 
fouling of the water in the blancher had a direct relation to the rate of flow 
of the make-up water, but that the rate of flow of the water through the 
blancher had no effect on the color and turbidity of the brine of the canned 
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pigeonpeas. If the fouling of the water in the blancher is directly related to 
the rate of flow, it is reasonable to expect that the turbidity and color of 
the brine of the canned product will be higher as the concentration of the 
color-substances increases, unless the washing treatment to which the peas 
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Fic. 3.—Effect of rate of flow of make-up water to the blancher on the color 
of the brine of canned pigeonpeas. 


were subjected after blanching removed all the blanch water carried over 
with the peas. 

In our processing line the blanched peas discharged into a rotary rod-reel 
washer where they were washed by water sprays. The washer is oversize in 
relation to the quantities of peas going through the line. Therefore, it prob- 
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ably happened that washing of the peas at this stage removed all of the 
blancher water and thus fouling of the water had no effect in increasing the 
color and turbidity of the brine of the canned product. 

The reader should be warned not to reach the conclusion that the rate of 
flow of the make-up water to the blancher will have no effect on the color 
and turbidity of the brine in commercial operations. This would be true 
only if the peas are thoroughly washed after blanching to make sure that 
all water carried over from the blanchers has been removed. The authors 
have frequently observed that some canners operate their blanchers with 
insufficient make-up water and, in many cases, it was noted that the over- 
flow from the blancher was highly viscous and very dark. Unless the peas 
blanched under these undesirable conditions are thoroughly washed, it is 
reasonable to expect that carryover of the fouled water from the blancher 
will result in dark and turbid brines. Washing of the blanched peas should 
be considered essential in the production of a high-quality pack. Some 
processors have expressed the opinion that washing of the blanched peas 
should be eliminated since packing of the hot peas directly from the blancher 
will assure that the recommended initial temperature of 160° F. is obtained. 
Enough evidence has been obtained from these experiments to show that 
washing of the blanched peas is essential in the processing and canning of 
high-quality products. 


EFFECT OF METALLIC CONTAMINATION ON THE COLOR 
AND TURBIDITY OF THE BRINE 


In the first experiments we conducted all cans were filled by hand. Later 
on a filler with a stainless-steel hopper, but with a brass disk valve became 
available. It was observed that after the filler had been in use more turbid 
and highly colored brines were obtained than when all cans were hand-filled. 
To determine whether the filler was responsible for the increase in color 
and turbidity pigeonpeas from the same lot being processed were packed 
by both methods. Examination of the brine 15 days after canning showed 
that all samples packed using the filler had a deep color and higher turbidity 
than hand-packed samples. The data obtained from one of these experi- 
ments are given in the tabulation which follows, in which average values 
for all the samples examined are presented. It shows the effect of the use of 
a filler with a brass valve on the color and turbidity of the brine. 


Values for color and turbidity of the brine for samples packed 
as indicated 





Characteristic 
Filler Hand 
Turbidity of brine 224 204 
Color of brine 28.9 39.8 


The increase in the color and turbidity of the brine was found to be caused 
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by the crushing of some of the peas between the two disks of the valve. The 
juice oozing out developed a dark discoloration when coming in contact 
with the brass. Drippage of this darkened juice into the cans being filled re- 
sulted in an increase in the color and turbidity of the brine. 

It was also observed that whenever peas came in contact with galvanized 
iron, copper, or plain iron surfaces, not only the color and turbidity of the 
brine were adversely affected, but a bluish discoloration occurred in many 
of the peas. To avoid these undesirable changes it is essential when proc- 
essing pigeonpeas that all of the metallic surfaces coming in contact with 
the product be of stainless steel. 


TABLE 9.—Effect of holding-time before retorting on the color and turbidity of the 
brine and on the color of the canned pigeonpeas 











Cans processed (number) | Color of brine | Turbidity of brine Color of peas 

5 | 28.0 | 261 | 20.5 

20 30.5 242 | 19.7 

40 22.0 330 | 21.7 

60 28.2 230 21.8 

80 15.7 | 404 | 20.8 

100 | 27.9 | 256 20.0 

120 27.6 | 250 21.2 

140 23.8 270 20.2 

160 | 23.4 284 20.6 


180 | 26.4 | 276 21.4 








EFFECT OF HOLDING-TIME BEFORE RETORTING ON COLOR AND TURBIDITY 
OF BRINE AND ON COLOR OF CANNED PIGEONPEAS 


In the commercial processing of pigeonpeas fillers and closing machines 
with a speed of 40 to 60 cans per minute are generally used. The cans are 
retorted in retorts which contain around 1,056 No. 2 cans. Disregarding any 
delays in the process, there is usually an interval of 18 to 30 minutes from 
the time the first and the last can for a retort load are closed. This means 
that every can stands near the filling temperature for a different length of 
time before retorting. In our pilot plant the capacity of our retorts was such 
that it also took us 30 minutes to produce enough cans for a retort load. To 
determine whether this variation in holding-time before retorting could be 
the cause of the wide range of values for color and turbidity that we had 
observed among samples from the same lot of pigeonpeas processed, cans 
were marked at regular intervals in the same sequence as canned. Fifteen 
days later the cans were opened and the color and turbidity of the brine 
and the color of the drained peas was measured. The data from one of 
these experiments are given in table 9. When values for the color and tur- 
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bidity of the brine and for the color of the drained pigeonpeas were plotted 
against the number of cans processed the curves shown on figures 4, 5, and 
6 were obtained. Examination of the data in the table and the curves shows 
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Fic. 4.—Effect of holding-time before retorting on the turbidity of the brine of 
canned pigeonpeas. 


that the variation in the color and turbidity of the brine is not related to 
the holding-time before retorting. No change in the color of the drained peas 
could be observed among samples. The variation among samples is prob- 
ably random and caused by some other processing variable. 
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EFFECT OF METHOD OF COOLING ON QUALITY 
OF THE CANNED PRODUCT 
Two methods of cooling the cans after retorting are generally used in the 
processing of pigeonpeas. The retort crates are transferred to a cooling tank 
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Fic. 5.—Effect of holding-time before retorting on the color of the brine of canned 
pigeonpeas. 





or the cans are cooled in the open retort immediately after processing. The 
rate of cooling is different for both methods. When the cans are cooled in a 
tank, it usually takes about 40 minutes for the product temperature in the 
can to drop to 100° F. When the cans are cooled in the retort by admitting 
water at a fairly fast rate, cooling may take place in no more than 15 minutes. 
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To investigate the effect of the type and rate of cooling on the quality of 
the canned product several experiments were run in which the cans were 
cooled in a tank or in the retort immediately after processing. The data 
obtained from examination of the cans after holding for 15 days at room 
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Fic. 6.—Effect of holding-time before retorting on the color of canned pigeonpeas. 


temperature after processing are given in table 10 which shows the effect 
of a rapid cooling for 10 minutes and of a slow cooling for 45 minutes on 
the turbidity of the brine, on the percentage of peas with broken skins, and 
on the percentage of spotted peas. Statistical analysis of the data shows 
that the method of cooling has no effect on the turbidity of the brine, or 
the percentage of cracked or spotted peas. No significant difference was 
found when the color of the brine from 15 cans cooled in 45 minutes was 
compared with the color of the brine from 15 cans cooled in 10 minutes. 
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The average color of the brine from cans cooled slowly was 30.82 and for 
the cans cooled in 10 minutes 29.45. 


EFFECT OF TYPE OF CAN ON QUALITY OF CANNED PIGEONPEAS 


To test the effect of the type of can on the quality of the canned pigeon- 
peas, the lot being processed was divided into two equal parts. One part 
was canned in cans with plain tin bodies (1.25/BB) and C-enameled ends, 
the other part was canned in fully enameled (C-enamel) cans. Both types 
of cans received the same treatment after filling and were stored side by 


TABLE 10.—Effect of slow and rapid cooling on the turbidity 
of brine and on number of defective pigeonpeas 





Turbidity | Splits Percentage spotted peas 








| 
Range | Mean | Range | Mean | Range Mean 


| 
Experiment No. | 
| | | 





Slow cooling—45 minutes 





235-276 | 258 | 73-89 | 82.0 | 7-13 9.6 
68.0 | 4-14 | 10.0 





1 | 217-450 | 265 | 73-83 | 75.0 | 8-20 | 13.4 
ae | | 
| 
| 














3 266-305 | 287 | 62-72 | 
Mean | | 270.0 | 75.0 | | 11.0 
| | { 
Rapid cooling—8-10 minutes 
1 | 251-200 | 263 | 76-90 | 34.0 | 414 | 8.6 
| 255-290 | 276 «=| 55-70 | 65.0 | 49 36.4 
3 | 199-294 | 253 | 69-86 | 76.0 | 917 | 13.6 
| | | | |/-—_— 
Mean | 264 | | 75.0 | | 9.53 





side at room temperature before inspection and analysis. The quality of 
the product was determined in three ways: Evaluation for grade following 
the standards for canned pigeonpeas of the Commonwelath of Puerto Rico 
Department of Agriculture; measurement of the color and turbidity of the 
brine; organoleptic appraisal by a panel of trained tasters selected from 
the Laboratory staff. Since analyses and inspection of the cans a few days 
after processing may not indicate differences in quality due to the type of 
cans used, the samples were analyzed at frequent intervals throughout a 
year. The results obtained from these experiments are shown in tables 11, 
12, and 13. 

Table 11 shows the effect of the type of can on the quality and keeping 
quality of canned pigeonpeas as determined from the evaluation of grade 
after the storage period indicated and following the standards of the Com- 
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monwealth Department of Agriculture. The data show that the type of can 
used had no appreciable effect on the grade of the canned product, even 
after the cans had been in storage at room temperature for nearly 1 year. 


TABLE 11.—Effect of type of can on the quality and keeping 
quality of canned pigeonpeas stored at 85° F. 





Values after storage period indicated in— 





Plain tin cans with C-enamel 


Quality criteria ende Fully enameled cans 





55 149 | 226 | 300 | 363 | 55 149 | 226 | 300 ; 363 
days | days | days | days | days | days | days | days | days | days 





























Liquor classification 14 | 12 13 | 13 | 11 {14 | 11 | 18 | 13 | 12 
































Color of peas 23.9) 25 | 24 | 24 | 23 |24 | 23 | 21 | 24 | 20 
Defects 29.5} 26 | 27 | 29 | 25 |29.5) 24 | 27 | 29 | 29 
Character 29.9) 26 | 24 | 27 | 26 |29.9) 24 | 27 | 27 | 28 

85 96 | 87 | 88 | 93 | 89 


Rating 197.3] 90 | 88 | 93 








TABLE 12.—Effect of type of can on the color and turbidity 
of the brine of canned pigeonpeas 





Values after storage period indicated in— 





Characteristic Plain tin cans with | Fully enameled cans Plain tin cans with | Fully enameled cans 


















































of brine C-enameled ends C-enameled ends | 
i» 226 | 363 | $5 | 226 363 $5 226 363 S§ 226 363 
| days | days | days | days | days | days | days | days | days | days | days | days 
A SUE SN GE Gees Geen GEES! GEG EE SN ake es 
Color | 32.9} 24.8 36.8) 19.8 37.2 41.0) 36.8 24.8) 38.8) 47.8 83.0) 52.2 
Turbidity '308..0|221 .0}224.0'268.0/165.0/174.0/312.0/188.0,256..0,283.0'179.0160.5 
TABLE 13.—Effect of type of can on the quality of 2 lots of 
canned pigeonpeas as judged by tasters 
Lot A Lot B 
Characteristic 
Plain tin cans Com Plain tin cans Comme 
Appearance of product in the 2.64 3.73 3.00 | 4.00 
can 
Appearance of brine in the can 3.09 | 4.64 3.27 | 4.82 
7 | 











Color and turbidity measurements from both types of cans throughout 
the storage period are given in table 12. The color and turbidity of the 
brine from the fully enameled cans was somewhat lower than from the 
plain tin cans with C-enameled ends. 
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The results of the organoleptic comparisons of the products from both 
types of cans are shown in table 13. Tasters generally found the appearance 
of the product in the can better for the enameled can, and the appearance 
of the brine in the can much better. No difference in flavor or intensity of 
off-flavors could be found between the samples in the plain tin or enameled 
cans. It was observed that the number of peas with a bluish discoloration 
were greater in the plain tin cans. 

The results of these tests show that brines of lighter color and lower 
turbidity can be obtained when pigeonpeas are canned in enameled cans. 
Tasters were able to establish a difference in the color and turbidity of the 
brine when the pigeonpeas were presented to them in the open can. The 
difference in the color and turbidity of the samples, or the fact that less 
discolored peas could be found in the enameled cans, made no difference in 
the grading of the product according to the existing standards. Since it is 
possible to obtain A-grade products when using plain tin cans with C-enam- 
eled ends, the use of the more expensive fully enameled can is not justified. 


OTHER FACTORS AFFECTING THE QUALITY OF CANNED PIGEONPEAS 


In the course of our work all canned samples were generally analyzed 
and graded after storage for 15 days at room temperature. However, in 
many experiments it was necessary to measure the color and turbidity of 
the brine of the canned product immediately after canning, or a few days 
later. Since the keeping-quality studies with the product canned in plain 
tin cans and in fully enameled cans showed that, during storage at room 
temperature (see table 12) the color and turbidity of the brine improved, 
it was suspected that measuring the color and turbidity at any interval 
within the stabilization period of 15 days might cause a greater variation 
among samples than could be expected from random variation due to sam- 
pling. The data shown in table 14 were obtained when canned pigeonpeas 
were stored at a room temperature of 85° F. and a can was opened every 
day until the 15 days for the measurement of the color and turbidity of the 
brine. When the color and turbidity of the brine were plotted against. the 
storage period in days, as shown on figures 7 and 8, no true relation could 
be found between the length of storage during the first 15 days and the 
color and turbidity of the brine. 

The analysis and inspection of a large number of cans in which the head- 
space as well as the color and turbidity of the brine were measured suggested 
that darkening of the brine may be related to the head-space. The data 
collected from a large number of cans examined are given in table 15. Sta- 
tistical analysis of the data showed that there was high correlation between 
head-space and the color or turbidity of the brine. The results of the sta- 
tistical analyses of the data in table 15 are given in the following tabulation 
for correlation coefficients during 30 observations. 
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At 1-percent level of 


Characteristic Experimental Significance 
Color of the brine 0.622 0.463 
Turbidity of the brine — .601 .463 


The direct effect of head-space on the color and turbidity of the brine 
explains the great variation that had been observed among samples for 
these two quality criteria even within the same lot. Since it is almost im- 
possible to obtain cans with the same head-space, great variation in the 
color and turbidity of the brine are to be expected. 


TABLE 14.—Changes in the color and turbidity of brine of canned pigeonpeas during 
the first 15 days of storage at 85° F. for 2 lots processed 

















Turbidity Color 
Storage period 
(days) 

Lot A Lot B Lot A Lot B 

1 244 251 17.8 25.4 

2 243 231 37.2 32.0 

3 210 221 35.5 23.4 

4 269 278 30.0 22.5 

5 226 260 29.1 29.8 

6 213 232 30.0 24.3 

7 219 240 35.5 30.0 

8 212 253 26.0 26.2 

9 206 244 26.1 28.4 
10 340 256 17.8 30.5 
11 267 258 26.7 30.2 
12 257 278 19.7 23.6 
13 210 238 35.9 28.0 
14 228 310 24.8 29.3 
15 | 325 — 31.8 16.2 











It was also observed that head-space had an effect on the discoloration 
of the peas. In all cans examined and found to have a large head-space, the 
upper layer of pigeonpeas showed a pronounced bluish discoloration. Al- 
though precise control of head-space may not be possible in commercial 
processing, canners should try to fill the cans adequately to avoid excessive 
head-space. A small head-space will make it possible to obtain a canned 
product with a brine of low color and turbidity, and to reduce the number 
of discolored peas. 


USE OF CALCIUM CHLORIDE TO REDUCE CRACKS AND SPLITS 


As was already mentioned, pigeonpeas usually crack during processing. 
The tendency to crack is related to the maturity; the more mature the peas 
the higher the number of cracks and splits found in the canned product. 
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When mature pigeonpeas are processed, the large number of cracks not 
only detracts from the appearance of the product, but more starch becomes 


dispersed in the brine and brines of high turbidities are obtained. 


Calcium chloride is one of the most used firming agents to prevent soft- 
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Fic. 7.—Changes in color of the brine of canned pigeonpeas during the first 15 days 
of storage at 85° F. 





ening of fruits during processing. It is believed that by reacting with the 
pectin, calcium chloride forms insoluble pectates which strengthen the 
cellular structure. The possibility of preventing or reducing the number of 
cracks by the use of a low concentration of calcium chloride during blanch- 
ing as well as by the addition of calcium chloride to the brine was investi- 
gated. 
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first 15 days of storage at 85° F. 


TaBLE 15.—Color and turbidity of brine from 30 cans of 
pigeonpeas examined with different head-space 


Head-space (six- 


teenths of an inch) 








Color of brine 


Turbidity of brine 

















Range Average Range Average 
46.01-56.91 51.30 152.0-182.5 165.3 
32.69-51 .09 42.96 173 .0-194.9 187.7 
30.53-47.41 42.96 155.0-225.8 191.2 
32.13-48.76 38.22 174.0-190.2 184.4 
31. 29-43 .36 37.51 189 .0-229.5 202.6 
27 .08-40.93 31.88 221 . 2-299 .0 263.9 
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When pigeonpeas were blanched in water containing 0, 0.1, 0.2, 0.3, and 
0.4 percent of calcium chloride by weight, the number of cracks were found 
to be reduced when the chemical was added to the blanch water. The hard- 
ness of the peas increased with the concentration of calcium chloride as can 
be seen from the data in table 16. When the pigeonpeas which underwent 


TABLE 16.—Effect of blanching in calcium chloride solution 
on the tenderness of pigeonpeas 





| Concentration of 





Blanching treatment CaCle by weight Peas with cracks Hardness 

Percent Percent Lb./sq. in. 
195° F. for 4 min. | 0 | 62.21 | 1.67 
195° F. for 3 min. | a | 54.63 | 2.78 
195° F. for 3 min. | a | 38.68 | 2.89 
195° F. for 3 min. 3 | 36.71 | 3.83 
195° F. for 3 min. | 4 | 34.47 | 4.17 





TABLE 17.—Effect of the addition of CaCle to the brine on the color and turbidity of the 
brine and on the rupturing of the epicarp and formation of split pigeonpeas 
| 





Values for different quantities of CaCle added as indicated 


Factor determined 
| ! 








0 5 grains 6 grains | 9 grains a grains e grains |18 grains 

Drained weight... .ounces | 14.0} 12.0| 12.0 12.0 12.0; 12.0] 12.0 

Turbidity of brine | 323.0 | 302.0 | 274.0 | 274.0 | 272.0 | 300.0 | 309.0 

Color of brine | 25.7) 31.8] 36.6 | 36.6 | 50.2| 37.9] 35.2 
Viscosity of brine flow.... | 

seconds at 28°C. | 16.0 6.4 6.1 6.1 5.8 5.4 5.6 

Volume of brine....... ml. | 184.0 | 244.0 | 254.0 | 232.0 | — 244.0 | 250.0 


Peas with broken epicarp 























ee ee ee ee: percent | 82.5 9.8 8.3 6.4 19.8 | 12.3 | 13.3 

Baits ncrmicciesiy: do. 9.2 2.5 3.52 3.85 6.9 4:2 12 

Alcohol-insoluble _ solids. . 

Ses ee do. | 22.2] 25.1] 25.7 | 25.5 | 25.9] 25.7] 26.0 

Overripe yellow peas in | | | | 
REAM: 52.5.6: number | 126.0 | 48.0 60.0 84.0 | 132.0 | 48.0 | 108.0 


the calcium chloride treatment were submitted to organoleptic evaluation, 
tasters found them too hard and unacceptable, even at the lower concen- 
tion of 0.1 percent. 

When calcium chloride was added to the can in the form of a salt-cal- 
cium chloride tablet, similar results were obtained, as can be seen from the 
data in table 17. The use of calcium chloride reduced the absorption of 
water, and lower drained weights were obtained in the treated samples. 
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The turbidity, color, and viscosity of the brine were improved by the addi- 
tion of the chemical. Both the percentage of pigeonpeas with cracks, as 
well as the number of maturity cracks in the can, were notably reduced. 

When the samples treated with calcium chloride at the level shown in 
table 17 were compared organoleptically among themselves, as well as with 
a control containing no calcium chloride, tasters found the appearance of 
the product in the can much better in the treated samples than in the con- 
trol, the difference being highly significant. 

No difference could be found among the treated samples. Tasters likewise 
found a significant difference in tenderness between control and the treated 
samples, but no difference in tenderness among the treated samples. All 
treated samples were found unacceptable by tasters because of excessive 


TABLE 18.—Effect of the addition of 2 percent of sugar and 765 grains of 
salt to the brine on the quality of canned pigeonpeas 





Values after storage period and additions indicated 














Characteristic 75 grains NaCl 75 grains NaCl + 2 percent of sugar 

64 days 147 days 365 days 64 days 147 days 365 days 
Liquor classification 14.0 13.0 12.0 14.0 13.0 13.0 
Color rating 24.6 24.0 21.0 24.5 24.0 22.0 
Defect rating 29.8 28.0 28.0 29.6 28.0 29.0 
Character 29.9 30.0 30.0 30.0 30.0 25.0 
Overall rating 98.1 95.0 91.0 97.9 97.0 89.0 
Turbidity of brine 278.0 298.0 257.0 283.0 282.0 198.9 
Color of brine 31.2 41.6 32.1 41.5 47.5 42.8 




















hardness. Cooking of the treated peas had no effect in reducing the objec- 
tionable hardness. 


ADDITION OF SUGAR TO THE BRINE 


Many processors feel that the canned pigeonpeas are greatly improved 
by the addition of sugar. Since the levels of sugar generally used never ex- 
ceed 2 percent, the effect of adding 2 percent of sugar to the brine was 
investigated. Pigeonpeas from the same lot were canned with and without 
sugar and stored at 85° F. for a year. At regular intervals the cans were 
graded and submitted to organoleptic appraisal. The results of the grading 
of the canned product three times throughout the year are given in table 
18, which shows that the addition of sugar had no appreciable effect on the 
quality of the final product. No difference between the two samples could 
be discerned when pigeonpeas canned with and without sugar were sub- 
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mitted to tasters in pairs for flavor comparisons. Therefore, the addition of 
2 percent of sugar to the brine may be regarded as having no effect on the 
quality and flavor of canned pigeonpeas. 


RECOMMENDATIONS 


Assuming that pigeonpeas are at optimum maturity for processing, the 
storage of the pods, presteaming or heating the pods before shelling to 
inactivate the enzyme system, blanching, and filling are the critical steps 
that determine the quality of the pack. 

Storage of the pods in jute bags at room temperature results in a rapid 
deterioration of the quality of the raw material. All efforts to harvest the 
peas at the optimum maturity for processing will be wasted if the pods are 
improperly handled and stored. Storage at 45° F. allowing maximum air 
circulation for rapid cooling provides the best means of maintaining the 
freshness of the product for a storage period of at least 9 days. 

Steaming the pods before shelling to inactivate the enzyme system has 
been shown (1) to be essential to producing canned pigeonpeas with almost 
colorless brines. Inactivation of the enzyme system before shelling is not 
the only factor determining the quality of the pack when judged from the 
color and turbidity of the brine. 

The length of the blanching treatment has a direct effect on the color 
and turbidity of the brine. Although it is true that the longer the blanch 
period the lighter the color of the brine, an excessively long blanch should 
be avoided to reduce the leaching out of vitamins and minerals. A blanch- 
ing treatment of 5 minutes at 185° F. is adequate. 

The rate of flow of the make-up water to the blancher should be sufficient 
to avoid excessive fouling. Even if some fouling takes place a high-quality 
pack can be obtained, provided the blanched peas are thoroughly washed 
and drained. Failure to wash and drain the peas at this stage will cause 
darkening and increased turbidity of the brine. 

The color and turbidity of the brine, as well as discoloration of the peas, 
is also related to head-space. Excessive head-space will result in highly 
colored and turbid brines and in discolored peas. 

The use of metals like iron, brass, or copper in equipment coming in 
contact with the pigeonpeas also leads to a darkening of the brine. Use of 
stainless-steel prevents the development of color by reducing the possibility 
of metallic contamination. 

SUMMARY 

The effect of a number of processing variables on the quality of canned 
pigeonpeas was studied. Storage of the unshelled peas at 45° F. for 9 days 
had no appreciable effect on the quality of the canned product. The length 
of the blanching treatment was found to determine to a certain degree the 
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color and turbidity of the brine. The longer the blanching treatment the 
clearer and less turbid are the brines. The rate of flow of make-up water to 
the blancher had no effect on the color and turbidity of the brine, provided 
the blanched peas were thoroughly washed and drained before canning. 

Holding-time before retorting and length of cooling of the cans had no 
effect on the quality of the canned product. Contact of pigeonpeas with 
iron, brass, or copper surfaces was found to result in brine discoloration. 
Excessive head-space was found to result in highly colored and turbid 
brines and peas discolored bluish. The type of can used, whether plain tin 
with C-enameled ends, or the fully enameled, had no appreciable effect on 
the quality of the canned product. 

When the pigeonpeas are blanched in calcium chloride solutions or cal- 
cium chloride is added to the can, the number of cracks in the canned peas 
can be reduced, but the peas become so tough as to render them inedible. 
The addition of 2 percent of sugar to the brine was found to have no effect 
on the flavor or the overall quality of canned pigeonpeas. 

Based on the results of the experiments reported, recommendations are 
given about the best process to use in canning high-quality pigeonpeas. 

RESUMEN 

Se llevé a cabo un estudio sobre las distintas etapas que comprende el 
procedimiento de elaborar gandures para determinar cémo se afecta la 
calidad del producto después de enlatado. Primeramente, se estudiéd cémo 
se afectan las vainas sometidas a una temperatura de 45° F., luego de com- 
probarse la posibilidad de almacenar el gandur a esta temperatura, por 
nueve dias, sin que la calidad del producto enlatado se afecte adversamente. 

Un estudio del método de escaldado demostré que la duracién de este 
proceso es responsable del color y la turbiedad de la salmuera al enlatar el 
producto. Asi, cuando el escaldado se prolonga, se obtienen salmueras de 
color mas claro. El flujo del agua de reemplazo que va al escaldador no 
ejerce efecto alguno sobre la calidad del producto, siempre que el grano 
escaldado se lave y escoja cuidadosamente. 

Kl tiempo que transcurre desde el momento en que las latas se llenan 
hasta que se esterilizan, no surte efecto nocivo sobre la calidad del producto, 
ni tampoco el acto de enfriar los envases lenta o rapidamente. 

Se ha comprobado que, una vez mas la calidad del producto enlatado 
permanece inalterada cuando se usa un envase con cuerpos estafiados y 
tapas esmaltadas, con esmalte tipo C, o latas interiormente esmaltadas. 

Por otra parte, es evidente que el contacto del grano con superficies de 
hierro, de cobre o de bronce, y también dejar un excesivo espacio vacio en 
la lata, causa el obscurecimiento de la salmuera y parte de los granos de- 
sarrollan una mancha azulosa. 

Cuando se agrega un 2 por ciento de azticar a la salmuera, ya en latas, ni 
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el sabor ni la calidad del producto se afectan; pero si se afiade cloruro de eal- 
cio durante el proceso de escaldado, o directamente a la lata, evitase la 
rotura del grano, pero también se endurece a tal extremo que no puede 


utilizarse. 
Ademas, se ofrecen datos y recomendaciones sobre el proceso que debe 


seguirse para enlatar gandures de alta calidad. 
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Effect of Age of Roots on Yield for Canning Purposes, 
Chemical Composition of Raw Roots, and Quality 
of Canned Product of Cobre and 
U.P.R.3 Sweetpotatoes 


M.A. Gonzdlez, J. R. Benero, and F. Sdnchez Nieva 3 


INTRODUCTION 


U. S. Standards for grades (/)? establish the following main styles for 
syrup-packed canned sweetpotatoes: Whole, pieces, or a combination of 
the two. It has been generally recognized by processors that a better quality 
pack can be obtained when whole sweetpotatoes are processed. Woodroof 
et al. (2), in their study of the canning of sweetpotatoes, found that canning 
them whole was desirable, since sweetpotatoes too small to be marketed 
otherwise could be utilized, and besides, canned whole sweetpotatoes re- 
mained more solid, and the syrup remained clearer than when they were 
cut. Canning of whole sweetpotatoes offers the additional advantage that 
the product can be sold at a higher price and is preferred by consumers. 

Sweetpotatoes to be canned whole must be of such size and weight that 
the specified requirements for drained weight can be met. Although sweet- 
potatoes have been grown commercially in Puerto Rico for many years, no 
information is available on the yields for canning purposes that can be ob- 
tained from the available commercial varieties. 

The size of the sweetpotato depends mainly on the varietal characteris- 
ties, differing seasonal and soil conditions, and the age of the root at the 
time of harvesting when recommended agronomical practices are used. 
Moscoso (3) reported yields of sweetpotatoes obtained from several vari- 
eties, but these figures were based on harvesting 4144 months after plant- 
ing. No information is available on the yields of the different sizes of sweet- 
potatoes that may be obtained when harvested at different ages. 

Since the success of any commercial operation in the processing of agri- 
cultural commodities generally depends on producing the product at a 
reasonable profit to the processor, as well as on production on the farm 
with yields large enough to afford farmers an adequate income, it was felt 


1 Assistant Chemical Engineer, Assistant Chemist, and Technical Director, re- 
spectively, of the Food Technology Laboratory of the Agricultural Experiment 
Station, University of Puerto Rico, Rfo Piedras, P.R. The authors wish to extend 
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the chemical analyses as well as in the organoleptic appraisals of the canned sweet- 
potatoes. 
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necessary to determine the yields of sweetpotatoes of canning grade that 
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could be obtained when dug at different ages. 


EXPERIMENTAL PROCEDURE 

Two varieties of sweetpotatoes, Cobre and U.P.R.3, were planted at the 
Gurabo Substation. Methods of soil preparation, fertilizer applications, 
insect control, time of planting, and harvesting were carried out as recom- 


mended by Moscoso (3). 


The sweetpotatoes were planted during September, October, and Decem- 
ber. Each planting consisted of three blocks, arranged in a randomized 
complete block design with each test containing four replications. The 
sweetpotatoes were harvested 120, 135, and 150 days after planting, 
weighed, and graded for size. Only roots ranging in size from 114 to 2 
inches in diameter, corresponding to U. S. Grade No. 1, were processed. 
Processing was carried out as soon as possible after digging. 

The sweetpotatoes were processed as described by Sanchez et al. (4). 
The roots were washed in a rotary washer and peeled in 10-percent lye at 
210° F. From the lyepeeler the roots were discharged into a rotary-washer 
provided with high-pressure water sprays to remove lye and loose peelings. 
Trimming immediately followed peeling and washing. The roots were kept 
under water before and after trimming to prevent discoloration. The sweet- 
potatoes were packed in a plain tin can with C-enameled ends; 14-ounce 


fill-in-weight No. 2 cans was used. 


Thirty-five-degree brix syrup at 200° F. was added and the cans were 
exhausted in a steam exhaust-box for 15 minutes to a center-can tempera- 
ture of 165° F. After closing, the cans were retorted for 45 minutes at 240° F. 
and cooled to 100° F. The cooled cans were air-dried and stored at room 


temperature (85° F.). 


Roots were sampled and analyzed by the procedures recommended by 


Sanchez et al. (4). 


The quality of the canned product was determined organoleptically by 
trained tasters from our own staff. The pair and the hedonic-scale meth- 
ods were used to determine product preference and quality. 

Samples of canned sweetpotatoes from which the liquor had been drained 
were presented to the tasters in an air-conditioned booth under red light. 
The color of the samples was scored under daylight. 

In the pair-test samples of each variety harvested at 120, 135, and 150 
days after planting were compared with each other. Each pair was pre- 
sented to the tasters, and they were requested to taste both samples and to 
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indicate their preferences on the basis of tenderness, flavor, color, and ap- 
pearance. Differences between the samples were determined by statistical 
analysis of the data. 

In the hedonic-scale method of measuring food preference, a 9-point 
scale expressed in terms of “like” and “dislike” was used to determine 
tasters’ preference for flavor and color. Single samples were presented to 
the tasters under red light, and each sample was tasted and rated before 
the next was served. The sample for color determination was served under 
daylight. 

RESULTS 
EFFECT OF TIME OF DIGGING ON YIELD OF SWEETPOTATO 
FOR CANNING AS WHOLE 


The time of digging was found to have a direct effect on the yield of 
sweetpotatoes of size corresponding to U. 8S. Grade No. 1 for canning pur- 


TaBLE 1.—Percentage yields as percentage of total yield of sweetpotatoes of different 
sizes obtained from Cobre and U.P.R.3 varieties when harvested 120, 
135, and 150 days after planting 





Percentage yield of indicated size | Percentage yield of patienied 
; (inches) for Cobre size (inches) for U.P.R 
Days after planting 











| 
| | | 
1 1/2 | 1 1/2-2 | 2-2 1/2 | 21/2 | 13/2 1 1/2-2 | 2-2 172 | 2 1/2 
Saisacapeaces tad eee | | 
120 | 30.015 | 67.570 | 2.265 {0.15 | 19.80 | 69.35 | 8.10 | 2.66 
135 | 20.635 | 72.095 | 6.43 | .84 | 15.67 | 70.66 | 10.18 | 3.49 
150 18.36 | 75.79 | 4.04 | 1.81 | 12.49 | 71.29 F 11.35 | 4.87 





poses, that is, within a diameter of 114 to 2 inches, and not more than 
5 inches in length. Yields of each size of sweetpotato obtained at different 
times of digging, in terms of percentage of the total overall yield of sweet- 
potatoes obtained are given in table 1. These results show that the per- 
centage of sweetpotatoes corresponding to U. 8. Grade No. 1 increased 
with age, reaching a maximum when the sweetpotatoes were dug 150 days 
after planting. When sweetpotatoes of the U.P.R. 3 variety were planted 
during September, an average yield of 1,922 pounds per acre was obtained 
when dug 120 days after planting; 3,127 after 135 days; and 3,493 after 
150 days. The yields for the Cobre variety likewise increased with time, 
reaching a maximum of 8,143 pounds per acre 150 days after planting. 


COMPOSITION OF UNPROCESSED ROOTS 


The analytical data on samples of raw roots are given in table 2. These 
values represent the average of three analyses. The results show that the 
chemical composition of the tubers of Cobre and U.P.R.3 varieties does not 
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change greatly with the age of the sweetpotatoes, except for vitamin C, 
which decreases as the tubers grow older. Ezell et al. (6) also found that 
there is a decline in ascorbic acid as the roots grow older. The rate of de- 
cline differs among varieties. These results are also in agreement with the 
findings of Cochran et al. (5) who showed that there is no such thing as 
maturity in sweetpotatoes, and of Ezell et al. (6) who reported that sweet- 
potatoes may be harvested at any time after they reach marketable size. 


TABLE 2.—Chemical composition of raw roots of Cobre and U.P.R.3 sweetpotato 
varieties expressed on wet basis; average figures from 3 analyses 
when harvested 120, 135, and 150 days after planting 























Cobre variety harvested at— U.P.R.3 variety harvested at— 
Characteristic measured - 
120 days 135 days | 150 days | 120 days | 135 days 150 days 
Moisture......... percent | 72.0 73.50 | 71.26 | 70.60 | 68.53 67.35 
Total acidity..... do. .1317 . 134 | .152 . 1423 | -1277 | =. 1425 
Reducing sugars.. do. | 1.66 1.12 | 1.43 472 | .67 | ~~ .485 
Total sugars as invert.do. | 3.986 | 4.169| 4.50 | 3.675 | 3.55 | 4.336 
BtORCR..:..< 00006 do. | 21.21 22.69 | 22.69 | 24.20 21.11 21.625 
Mitel .3....4 mg./100 gm. | 36.64 34.89 | 29.78 | 30.15 24.15 23.16 
Bearotene...mg./100 gm. | 7.24 9.764 | 7.859 | 11.198 | 10.08 | 11.27 
Specific gravity 1.054 | 1.029 1.039 | 1.0296 | 1.041 1.030 
Hunter color | 
Rd 47.98 | 44.38 | 41.52 | 41.64 | 41.64 43.12 
a 19.80 | 24.80 | 22.85 | 27.10 | 28.78 28.85 
b 24.29 | 28.45 | 27.70 | 29.62 | 30.27 31.16 











PROCESSING CHARACTERISTICS 
EFFECT OF AGE OF TUBER ON PEELING AND TRIMMING LOSSES 


A 10-percent lye solution at 210° F. for about 6 minutes was used to peel 
the sweetpotatoes from both varieties. The sweetpotatoes from both vari- 
eties and of different ages were easy to peel. After lye-peeling it was very 
easy to remove all rags and excess lye from the roots by washing with water 
sprays in a rotary washer. 

The percentage of peeling losses, trimming losses, and overall yield are 
shown in table 3. Statistical analysis of the data indicates that no difference 
could be found in the recovery of roots for canning purposes, after peeling 
and trimming, for sweetpotatoes of the same variety harvested at different 
times during the season. 


SYRUPING, EXHAUSTING, AND COOKING 


The age of the root had no effect on discoloration during processing for 
the two varieties tested. Exhausting for 14 minutes to a can-center tempera- 
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ture of 160 to 165° F’. was found adequate to insure a good vacuum in the 

can. All packs prepared in the course of this work were processed for 45 
minutes at 240° F., according to the conditions recommended by Sanchez 
et al. (4). 


QUALITY OF THE CANNED PRODUCT 


In the results of the organoleptic test using the pair test to determine 
the difference in tenderness, flavor, color, and appearance, and the hedonic 
scale to indicate the tasters’ preference for color and flavor of the processed 
roots, no significant difference could be found in the sweetpotatoes of the 
same variety at different ages. It can be concluded that the quality of the 
syrup-packed sweetpotatoes of the Cobre and U.P.R3 varieties is essentially 
the same when the roots are dug from 120 to 150 days after planting, when 


TaBLE 3.—Percentage peeling, trimming, and root recovery for raw roots of Cobre and 
U.P.R.3 sweetpotato varieties; average figures from 3 runs when 
harvested 120, 185, and 150 days after planting 





Results when harvested after the number of days indicated 





Characteristic 











canning purposes 


| 

| 

| | ss | 150 g m0 =| 6135 | 180 
a yeaa Semone: 7 | | 
Peeling loss “| 3215 | 27.21 | 30.25 | 26. ‘0 29.06 | 30.13 
Trimming loss | 1 13.99 | 13.51 12.56 | 16 14.30 | 17.34 
Recovery of roots for | 53.86 | 56.64 | 53.35 

| | 


| 
59.28 | 57.19 | 57. ‘a 
| 
| 
| 





only roots from 11% to 2 inches in diameter, and not more than 5 inches in 
length, are used for canning purposes. 

These results show that there is no such thing as maturity in sweetpota- 
toes. The age of tubers affects only the overall yield and the yield for 
canning purposes; it does not significantly affect the chemical composition, 
processing characteristics, or quality of the canned product. 


SUMMARY 


The effect of age of tubers on the yield for canning of whole sweetpotatoes 
corresponding to U. 8. Grade No.1, the chemical composition of the raw 
roots, and the quality of the canned product were studied for the Cobre and 
U.P.R.3 varieties of sweetpotatoes. The greatest overall yields and the 
maximum yields for canning purposes, were obtained in both varieties by 
harvesting 150 days after planting. It was observed that the age of tubers 
had no effect on the chemical composition of the raw root, its behavior 
during processing, or the quality of the canned product. 
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RESUMEN 


Se estudié el efecto de la edad de la batata al cosecharse, su rendimiento 
para enlatar cuando aleanzan un didmetro de 114 a 2 pulgadas, cambios 
en la composicién quimica del tubérculo en su estado natural, y también 
su efecto sobre la calidad del producto enlatado. Estos experimentos se hicie- 
ron utilizando las variedades Cobre y U.P.R.3. 

Se encontré ademas que para el enlatado, estas variedades rinden mis 
cuando se cosechan después de los 150 dias de sembradas. También se com- 
prob6é que la edad no afecta mayormente la composicién quimica de las 
variedades Cobre y U.P.R.3, en su estado natural, ni tampoco su comporta- 
miento mientras dura el proceso de enlatado, ni la calidad final del producto 
elaborado. 
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An Analysis of the Quantitative and Qualitative 
Composition of the Nematode Populations 
in Pineapple Fields in Puerto Rico’ 


Alejandro Ayala? 
INTRODUCTION 


Preliminary investigations have shown the presence of large populations 
of root parasitic nematodes in the pineapple fields of Puerto Rico. A study 
was undertaken during the months of March through September of 1957 
to determine more exactly the size and composition of these populations, 
the distribution of the various genera, and particularly their relationship 
to the growth of the pineapple plants. In this study different ecological 
factors such as the pH of the soil, texture of the soil, moisture content in 
relation to the rainfall, temperature, variety of the pineapple, age of the 
plantation, previous crops planted in the respective fields, and the localitv. 
were all taken into consideration. 

Nematodes were not reported to be attacking pineapple plantings until 
the beginning of the twentieth century. Most of the work in this field has 
been done in Hawaii. In 1928 Godfrey (/5)* gave a list of legumes resistant 
to root-knot nematodes. This list is useful in the application of rotation 
and trap crops for the control of nematodes in Hawaiian pineapple fields. 
Godfrey and Morita (24) reported on environmental factors which affect 
the root-knot nematode on pineapple and other crops in Hawaii. He (16) 
also described a new nematode disease, which affects the pineapple roots 
and is caused by what was known as Tylenchus brachyurus. Hagan and 
Collins (28) reported the results of certain experiments on the resistance 
of some varieties of pineapple to the root-knot nematode which at that 
time was known as Heterodera marioni (Cornu) Goodey. 

The year 1933 was particularly fruitful in regard to studies and publica- 


1A dissertation submitted to the faculty of the Graduate School of Arts and 
Sciences of The Catholic University of America, Washington, D.C., in partial ful- 
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tions on the ecology of the root-knot nematode in pineapple roots. Several 
papers were published: One on the general environmental relationships of 
the root-knot nematode, Heterodera radicicola (22); four on the relation of 
temperature and moisture to the reduction of the number of nematodes 
(22, 25, 27, 29). Then, in 1934, Godfrey (17) published the results of studies 
with indicator plants as means for measuring soil populations of the root- 
knot nematode. In the same year Godfrey and Hagan (20) and Godfrey 
and Hoshino (23) reported the use of trap crops to reduce root-knot nema- 
tode infestation in pineapple fields. Eventually Godfrey (18) summarized 
the damage done by the root-knot nematode to pineapple root systems. 
The same investigator, in cooperation with Hagan (2/), gave an account 
of the detrimental effects of the root-knot nematode on pineapple plants. 
Linford (33) reported on the activity of natural enemies of nematodes; in 
his experiments pineapple material was used. 

In 1935 the reniform nematode, Rotylenchulus reniformis, was observed 
for the first time on cowpea roots grown in pineapple fields, and a few days 
later it was found on pineapple roots by Linford and Oliveira (35). Linford 
and Yap (36) included the pineapple among a list of plants susceptible to 
attack by reniform nematodes. Linford, Oliveira, and Ishii (37) described 
a new species, Paratylenchus minutus, and later found that it was the most 
abundant in old pineapple fields on the Island of Ashec, Hawaiian Archi- 
pelago. They concluded that the pineapple plants constituted an excellent 
habitat for them, while few individuals were found in adjacent grasslands. 
Linford, in 1952 (34), reported the presence of various nematode species 
in pineapple fields in Loma Bonita, Mexico; he found that the root-knot 
nematode (Meloidogyne spp.) and the meadow nematode (Pratylenchus 
spp.) were causing considerable damage; at the same time Rotylenchus 
(later divided by G. Steiner into Rotylenchus and Helicotylenchus), was also 
abundant. Some other papers have been published on the ecology of para- 
sitic nematodes in the pineapple; however, a complete list of these is not 
available at this time. 

Until recently studies like the ones here listed have not been made in 
Puerto Rico. The first report on nematodes attacking pineapple plants on 
the Island was made by Pennock (41), who observed that the root-knot 
nematode at that time known as Heterodera marioni, was causing disease 
to pineapple plants, but concluded that this did not represent any threat 
to the production of pineapple in Puerto Rico. In the Annual Report of the 
Agricultural Experiment Station for 1952-53 (30), nematodes were men- 
tioned together with white grubs and mealybugs as being one of the causes 
of the characteristic degeneration of the Red Spanish variety of pineapples 
on the Island. Alvarez and Lépez (1) gave an account of the reduction in 
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plant vigor of the Red Spanish variety of pineapple in Puerto Rico caused 
by the root-knot nematode. They reported the results of several controlled 
tests of nematodes conducted in different parts of the Island. Furthermore, 
in the Annual Report of the Agricultural Experiment Station for 1953-54 
(31), mention was also made of nematodes being one of the causes of the 
decline in pineapple production. Pérez (42) included the nematodes as one 
of the principal plagues of pineapple fields. Thus damage caused by nema- 
todes in different pineapple fields of Puerto Rico had been reported; how- 
ever no close study of the situation had been attempted. 

In previous years the author and other members of the Department of 
Entomology of the Agricultural Experiment Station have received nu- 
merous samples of soil and roots from pineapple fields suspected to be 
infected with nematodes, and indeed, laboratory examinations proved that 
large numbers of nematodes were present in and on these roots. It was pre- 
sumed that they caused great damage and extensive losses. Observations 
made in the field revealed that the disease symptoms present in many places 
were similar to those reported from other pineapple areas such as those of 
Hawaii. 

Further to advance the study and control of these nematodes a study of 
the distribution of populations, their composition, and their bionomics was 
deemed desirable. To this end a project was undertaken in which three of 
the four pineapple areas on the Island were studied. In the present paper 
the results of that study will be discussed in detail, taking into considera- 
tion the different ecological factors. The main purpose of the study was to 
demonstrate the relationship of populations to damage as observed under 
different ecological factors and to show the need for further work. 


MATERIALS AND METHODS 


The pineapple areas in Puerto Rico comprise four main regions, e.g. the 
Northern, the Southwestern, the Central, and the Vieques Regions, but only 
the first three were studied. Compound samples were taken at random from 
60 different plantings, some of which showed the characteristic symptoms of 
nematode disease while others did not. The method for sampling the fields 
was a modification of that described by Cobb (17), insofar as a spade was 
used instead of Cobb’s sampling tubes, and special paper bags were used 
instead of plastic bags. Each compound sample comprised from 20 to 30 
subsamples taken at the 15- to 20-cm. depth in an even distribution across 
the selected fields. These samples were then thoroughly mixed in the lab- 
oratory and 300 cc. of soil processed. A combination of the sieving method 
of Cobb (17) and the Baermann-funnel method (12), as described by Christie 
and Perry (6), was used, with a few modifications, to extract and concen- 
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trate the nematodes. Standard sieves of 25, 50, and 325 meshes to the inch 
were used. The extracted nematodes were examined under the microscope 
after 24 and 48 hours, using 5- to 6-percent formalin solution as a preserva- 
tive. Slides were prepared from the samples kept in vials, and identifications 
and countings were made under high magnification. Identifications of the 
genera were made mostly following Goodey (26) and Chitwood and Chit- 
wood (4). 

Data were taken on the variety of pineapple, moisture content, soil type, 
previous crop, variety and age of the plants, and the appearance of the 
crop. Maps were drawn of each field surveyed for future reference. The pH 
determinations were made by the Central Analytical Laboratory of the 
Agricultural Experiment Station. Climatological data were obtained from 
the Weather Bureau. 

A similar method was employed for collecting the roots in the field from 
the same places that soil samples were obtained. Fifty grams of the com- 
pound samples of roots were processed with the Waring blendor as de- 
scribed by Taylor and Loegering in 1953 (12). Countings and calculations 
were based on nematodes present in 50 gm. of roots. The roots from several 
plants were taken from a field to be sampled; they were weighed and the 
number of grams of roots per square meter and per acre were then calcu- 
lated. The total number of nematodes in the roots was calculated by multi- 
plying the number of nematodes as found in the analyzed sample by the 
amount of roots figured per square meter or acre. The figures obtained from 
the soil were then combined with those from roots of the same field to 
establish the total number of nematodes in a square meter and an acre of the 
field. In this way not only the number of nematodes free in the soil was 
figured, but also those which are found in the roots (endoparasites) and 
which usually escape observation when soil samples only are studied. 
Direct observation of the roots was necessary to detect the presence of 
adult female root-knot and reniform nematodes, but no estimations of 
these nematodes were made because of difficulties in observations. 

Recognized plant-parasitic nematodes were recorded, and all those pos- 
sessing a stylet were identified to the genus and included as possible plant 
parasites. I'ree-living and predatory forms were also identified; populations 
were then calculated, and the distribution of the forms was noted, but is 
not included here. 

Calculations were made of the genera per square meter and per acre to a 
depth of 15 cm. Climatological data, as well as biological factors, were 
taken into consideration in evaluating populations. Since the Baermann- 
funnel method is supposed to be only from 50- to 75-percent correct, correc- 
tions to secure the final numbers were made multiplying these by 1.5. 
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RESULTS AND OBSERVATIONS 
l'rom the 60 compound samples studied 23 different genera were identi- 
fied, 16 of which are known to be serious plant parasites and 7 are suspected 
to be such. All those forms which possess a stylet were included as suspected 
parasites, although some of them might not be plant feeders at all. 


GENERAL DISTRIBUTION 


Occurrence and percentages of the 23 genera are given in tables 1 and 2. 
There we can see that Rotylenchulus reniformis, the reniform nematode, 
and Helicotylenchus spp., spiral nematodes, were the most numerous, being 
found in all samples. Pratylenchus spp., the meadow nematodes, Ditylen- 
chus spp., bulb and stem nematodes, and Paratylenchus spp., pin nematodes, 
were also numerous with 93.3, 88.3, and 73.3 percent of the samples, re- 
spectively. Meloidogyne spp., the root-knot nematode, were generally dis- 
tributed along the North Coast, where sandy and loamy-humid soils prevail, 
but were not found in the other two Regions. Of the suspected plant para- 
sites the most numerous were A phelenchoides spp. and Dorylaimus spp., 
with a percentage occurrence of 70.00 and 66.66, respectively. 

As a rule not less than 5 different parasitic genera were present in 1 
sample and no more than 15, with a mean average of 9 per sample. In the 
Northern Region all of the 23 genera were present. In the Southwestern Re- 
gion only 9 genera were found against 12 in the Central Region. 

The distribution of the genera in the three different regions and their 
respective locations in each region is given in table 3. There we find that 
six genera: Rotylenchulus, Helicotylenchus, Ditylenchus, Tylenchus, Seinura, 
and A phelenchoides are found in all locations surveyed. Other genera like 
Meloidogyne, Trichodorus, Diptherophora, Xiphinema, Discolaimus, Roty- 
lenchus, Carcharolaimus, Leptonchus, Longidorus, Hemicycliophora, and 
Pseudohalenchus were present only on the North Coast. The Central and 
Southwestern Regions did not have any endemic genera. Three genera, 
Dorylaimus, M ytylenchus, and Criconemoides which are shared by the North- 
ern and the Central Regions, are not found in the Southern Region where 
hard-dry saline soils prevail. 

Only larvae, males, and preparasitic females of the reniform nematodes 
were observed in the samples. Although most of them were found in the soil 
(in 58 samples), some were also found in the 28 root samples (table 2). The 
spiral nematode was more or less equally abundant in soil and roots, and 
was present in 56 and 53 samples, respectively. Several species of this 
genus were present, being most common: Helicotylenchus nannus, H. 
erythrinae, and H. multicinctus. Pratylenchus, the meadow or lesion nema- 
tode, were more common in root samples than in the soils, being present 
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in 54 and 42 samples, respectively. Pratylenchus brachyurus and P. zeae 
seemed to be the most important species of this genus. Ditylenchus spp. 
were also more common in root than in soil samples. Dorylaimus spp., 
mostly found in the soil, were present in 37 samples while only 6 of the root 
samples contained them. Aphelenchus, Trichodorus, Criconemoides, Diph- 


TABLE 1.—The general incidence of the 23 nematode genera found 
g g 
in pineapple plantations in Puerto Rico 





Nematode genera 


Tylenchidae Filipjev, 1934 
Ditylenchus Filipjev, 1934 
Tylenchus Bastian, 1865 
Mytylenchus? 


Pseudohalenchus Tarjan, 1958 


Hoplolaimidae Filipjev, 1941, Wie- 


ser, 1953 


Helicotylenchus Steiner, 1945 


Rotylenchus Filipjev, 1934 
Pratylenchus Filipjev, 1934 
Family undetermined 
Rotylenchulus Linford & 
veira, 1940 

Heteroderidae Thorne, 1949 
Meloidogyne Goeldi, 1889 
Criconematidae Thorne, 1943 
Criconemoides Taylor, 1936 


Oli- 


Paratylenchus Micoletzky, 1922 


Hemicycliophora de Man, 1921 


Aphelenchidae Steiner, 1949 
Aphelenchoides Fisher, 1894 
Aphelenchus Bastian, 1865 
Seinura Fuchs, 1934 
Dorylaimoidea Thorne, 1934 
Xiphinema Cobb, 1913 
Longidorus Micoletzky, 1922 
Trichodorus Cobb, 1913 
Dorylaimus Dujardin, 1845 
Discolaimus Cobb, 1913 


Diphtherophora de Man, 1880 


Carcharolaimus Thorne, 1939 
Leptonchus Cobb, 1920 








Common name! 


Bulb and stem nematode 


False Halenchus nematode 


True spiral nematode 
Spiral nematode 
Meadow nematode 


Reniform nematode 


Root-knot nematode 
Ring nematode 
Pin nematode 


Sheath nematode 


Foliar nematode 


Dagger nematode 


Stubby root nematode 
Spear nematode 





1 Some from Buhrer (1954). 


2 Undescribed genus related to Ditylenchus and Tylenchus. 
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therophora, Xiphinema, Discolaimus, Leptonchus, Longidorus, and Hemi- 
cycliophora were most common in soil samples; the last 7 were not seen in 
root samples. Other genera like Meloidogyne, Paratylenchus, and Tylenchus 
were more or less equally present in both root and soil samples. Myty- 
lenchus, Seinura, A phelenchoides, Rotylenchus, and Pseudohalenchus were 


TABLE 2.—Incidence of the observed nematode genera in 60 samples 
of soil and roots in Puerto Rico 

















Nematode genus Soil | Roots 
Number Percent Number | Percent 
Rotylenchulus | 59 98.33 | 28 | 46.67 
Helicotylenchus | 58 | 96.67 53. «| ~—s88.33 
Pratylenchus | 43 71.67 | 54 90.00 
Ditylenchus 35 58.33 48 80.00 
Dorylaimus | 37 61.67 | 6 10.00 
Meloidogyne | 29 48.33 | 24 40.00 
Paratylenchus | 98 46.67 | 36 60.00 
Tylenchus | 21 35.00 23 38.33 
Aphelenchus | 16 26.67 6 10.00 
Mytylenchus! | 10 16.67 27 45.00 
Criconemoides | 9 15.00 | _— — 
Trichodorus | 9 15.00 1 1.67 
Seinura | 8 13.38 | 21 35.00 
Diphtherophora | 4 6.67 | — — 
Xiphinema 3 5.00 | —— a 
Aphelenchoides 4 | 6.67 | 40 66.67 
Discolaimus | 2 | 3.33 = — 
Rotylenchus 1 | 1.67 | 2 3.33 
Carcharolaimus | 1 | 1.67 _ _— 
Leptonchus | 1 1.67 | - | — 
Longidorus 1 1.67 | = | _— 
Hemicycliophora | 1 1.67 — — 
Pseudohalenchus | = | — | 2 3.33 





1 Undescribed. 


decidedly more common in root than in soil samples; the last one was 
observed in root samples only. 


SIZE AND COMPOSITION OF POPULATIONS 


As might be expected, the two genera (Rotylenchulus and Helicotylenchus) 
which were generally distributed in all the samples examined were also 
the most abundant. Rotylenchulus outnumbered all the other genera except 
in the locations of Manati, Lajas, and Corozal, where Helicotylenchus was 
more numerous. Beside these two only four other species, e.g. Pratylenchus, 
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Dorylaimus, Paratylenchus, and Tylenchus appeared to be remarkably nu- 
merous in all the regions; Meloidogyne spp. was found in all localities of the 
North Region. 

The total average number of nematodes per square meter in the whole 
production area for the Island was 1.75 millions (7.05 billion per acre) which 


TaBLE 3.—Distribution of the 23 genera of nematodes in 60 samples of soil and roots 
from 8 different locations in 3 Regions of Puerto Rico 














Northern Region Central Region 
Southwestern 
Nematode genus i, = as wee | Region, ee 
| seme | Manati = = (Arecibo | Lajas *. Corozal 
ee te Ss ee ee | ee | 
Rotylenchulus 21 | 10 | 8 | 4 6 3 6 2 
Helicotylenchus | 21 | 10}; 8 | 4 6 | 3 6 2 
Pratylenchus | 2) 7 | 8 | 4 6 | 3 5 _ 
Ditylenchus ie) eet eai- 3 5 | 2 
Dorylaimus i] 5] 5 | 3} 4] - 5 | 1 
Meloidogyne 19 | 4 | 8 23 = — _— 
Paratylenchus | 42 | $$ | 8 | 2 |) 3oy 4 3 6 — 
T ylenchus ele ee ie ae [ea 1 4 1 
Aphelenchus Ge. 2 | z2\;- | 2 | 3 2 1 
Mytylenchus' 15 | 6 — | 2 is | — 5 2 
Criconemoides | 4 — i ea | — | _ 2 ai 
T richodorus |} 9}/—]1 | —}—{] = — -- 
Seinura | 2/ 4/6/41 5 1 444 
Diphtherophora | 3 — | 1 Be — — — 
Xiphinema | 2 oe } — | - _— — — 
Aphelenchoides ) 12 | 7] 6 | 38 | 5 | 2 & | 2 
Discolaimus 2D Ged Bea Bon — | — _— — 
Rotylenchus | 4 | —}/1]— 1 | — — _— 
Carcharolaimus | 1} —|— — | _ | _— — — 
Leptonchus | 1 | - a ee | — — _- 
Longidorus fo — - — — — — 
Hemicycliophora — | — _ L- i) = _ _ _— 
Pseudohalenchus aa 2 — — — | -- | -- 








1 Undescribed. 


is considered high. The lowest number was 0.29 millions per square meter 
(1.17 billion per acre), which was found in 1 sample from the Southwestern 
Region. The highest number calculated to be present in a sample was 5.87 
million per square meter, or 23.72 billion per acre, found in 1 of the 21 
samples collected in the location of Barceloneta, in the Northern Region. 


Northern Region 
The Northern Region, which extends from Bayamon to Isabela, is the 
most important pineapple production area. Here two pineapple varieties, 
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Red Spanish and Smooth Cayenne, are cultivated. The soil is mostly sandy 
and sandy loam, although heavier soils are present. There is a high precip- 
itation which insures enough humidity for the growth of pineapple plants. 
Temperatures are mild and constant moisture-laden winds blow from the 
Atlantic Ocean. Here certain fields have been used for pineapple production 
for more than 20 consecutive years, but crop rotation is generally applied. 
Most of the areas are at sea level with small elevations in some places. For 
the purpose of the study only 5 of the most important locations in pineapple 
production were studied, e.g. Vega Alta, Vega Baja, Manati, Barceloneta, 
and Arecibo. 

In this Region the greatest number of samples, 49, was taken; their 
distribution is shown in table 3. Samples were taken during the first months 
of the study when the Island was facing a general drought and precipitation 
was very low. Only the largest fields were selected in this study since the 
areas in some of the sections, like Barceloneta, were too large to permit a 
study of every acre. 

This Region had the greatest number of genera present. In fact, all of 
the 23 genera found over the Island were represented. Populations com- 
posed of large numbers of Rotylenchulus, Helicotylenchus, and Pratylenchus 
together with Paratylenchus, Ditylenchus, Meloidogyne, and Dorylaimus 
were very common. Usually large numbers of lesion nematodes were found 
in the swellings caused by the root-knot nematodes; in older swellings great 
numbers of the pin nematodes and free-living forms were obtained. Of the 
5 locations studied in this Region the one that harbored the greatest number 
of genera was Barceloneta, with 22. Arecibo presented the least number 
with only 11 genera; Manati had 12 and Vega Baja and Vega Alta, 13 
each. As shown in table 4, Arecibo had the greatest number of parasitic 
nematodes in general with 3.17 millions per square meter (12.80 billion 
per acre). This was followed by Vega Baja with 2.41 million per square 
meter (8.31 billion per acre). This was a surprise because in both places 
soil fumigation is practiced for controlling nematodes; the plants were in 
good shape and promising good yield. While Barceloneta and Manati 
had about equal numbers it was here that the greatest damage was noticed 
in the fields studied. Vega Alta had the least number of parasitic forms; 
here in 2 of the fields the soil was quite hard and in the other 2 the plants 
were very young yet. 


Southwestern Region 


& The Southwestern Region is the smallest of the pineapple production 
areas of the Island. There are just a few private farms situated on mountain- 
sides. No more than 25 acres are in production and only one variety of the 
plant is cultivated; this is the Bull Head (Cabezona) variety, which preo- 
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duces the largest fruit. Hard clay soils prevail and the precipitation is very 
low. Because the elevation is high and the soils are highly saline, cultiva- 
tion of the other 2 varieties of ananas is impractical. In previous years the 
above-mentioned variety had been planted generally, but now most of the 
soils are planted to sugarcane. Those areas where pineapples are produced 
have been planted to this crop for many years. Only 3 farms were surveyed 
in this Region because the other plantings were too small. 

This Region showed the least number of genera. Only 9 of the 23 pre- 
viously reported genera were present here, and only 6 were generally dis- 
tributed. These were Rotylenchulus, Helicotylenchus, Pratylenchus, Dity- 


TABLE 4.—Mean averages, lows, and highs of the nematode populations, in millions per 
square meter, for the different locations and Regions of pineapple plantings 
in Puerto Rico 











Location Average | Lowest number | Highest number 
Northern Region | 2.23 0.35 5.87 
Barceloneta | 1.90 35 5.87 
Manatf | 2.06 1.00 | 3.74 
Vega Baja | 2.41 | 96 | 5.74 
Vega Alta | 1.61 .79 | 2.90 
Arecibo 3.17 1.85 5.54 
Southwestern Region | 
Lajas | = | .29 | 
Central Region | 1.09 | .49 | 1.61 
Las Piedras | 1.04 | .49 1.61 
Corozal | 1.15 — | ~ 
— 
Total | 1.75 | 0.29 | 


5.87 





lenchus, Paratylenchus, and A phelenchus. A phelenchoides was found in 2 of 
the samples, while Seznura and Tylenchus were found in only 1. In this 
Region with clay soils the spiral nematode was the most abundant with a 
mean average of 0.36 millions per square meter (1.49 billion per acre), 
while the reniform nematode was second with an average of 0.32 millions 
per square meter (1.26 billions per acre). The populations of the other 
genera were less numerous. The average number of plant parasitic nema- 
tode per square meter was 0.75 million (3 billion per acre). 


Central Region 


The third Region studied and the second one in importance is the Central 
Region. This area consists of certain sections in the mountains. Because 
some of the pineapple plantations are disappearing, only two of the sec- 
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tions were included in the study. The most important of the two was Las 
Piedras, where Red Spanish is mostly cultivated. In the Corozal area pine- 
apple production is disappearing, but a few acres are still devoted to ex- 
perimentation by the Agricultural Substation. These were surveyed. The 
temperature in this mountain Region is lower than it is in the other areas; 
precipitation is reasonably high and humidity is constant. Elevation is 
high, but in Las Piedras the land offers facilities for mechanization. Here 
soi! fumigation for the control of nematodes is also used. Six samples were 
taken from different fields, in which the plantings ranged from 6 months 
to 3 years in age. Some of the fields were new; others have been cultivated 
with ananas for many years. 

In Corozal the land is of a higher elevation and steep; here many former 
pineapple fields are no longer planted to this crop. Humidity is high and 
temperature is lower than in the Coastal Region. Only two samples were 
taken, one each from Red Spanish and Smooth Cayenne. 

Twelve nematode species were present; this is 3 more than in the South- 
western Region and 11 less than in the Northern Region. The reniform 
nematode (Rotylenchulus), the spiral nematode (Helicotylenchus), and M y- 
tylenchus were universally distributed among all samples, followed by D1- 
tylenchus and A phelenchoides which were present in seven of the samples. 
The spiral nematode was the most abundant in this Region with a mean av- 
erage of 0.56 million per square meter (2.23 billions per acre); the reniform 
nematode was second with 0.35 million per square meter (1.39 billions per 
acre). In Las Piedras Rotylenchulus was more abundant with 0.35 million per 
square meter (2.60 billions per acre) as compared with Helicotylenchus hav- 
ing 0.19 million per square meter (0.75 billion per acre). In Corozal only 0.05 
million per square meter (0.19 billion per acre) of Rotylenchulus nematodes 
were present and 0.92 million spirals per square meter (3.71 billions per 
acre). The populations of the other parasitic forms were much lower. As 
shown in table 4 the number of plant parasitic nematodes per square meter 
averaged 1.09 millions for the whole Central Region; Las Piedras showed 
1.04 millions and Corozal, 1.15 millions. The average number for all the 
other genera are shown in table 5. 


FACTORS INFLUENCING THE POPULATIONS 


One of the most important phases of nematology is the study of the 
ecological factors affecting the presence of nematode populations. Bionomic 
studies have been conducted in Hawaii (14, 19, 20, 22, 24, 25, 27, 29, 33) 
in relation to the effects of the root-knot nematode on pineapple roots. In 
other places, such as Florida, in addition to research on the citrus disease, 
extensive ecological studies have been made. Besides these and some other 
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PINEAPPLE FIELDS 





THE NEMATODE POPULATION IN 


scattered studies not much has been done, and investigators mostly specu- 
late. 

A common question raised in connection with soil and plant nematodes 
concerns the depth of their penetration into the soil and the location of 
their maximal concentration—in other words, the relationship of the soil 
profile to the occurrence of plant nematodes. The A horizon, of course, is 
that of the main concentration because most of the roots grow there; but 
the B horizon may be penetrated also wherever roots grow in it and organic 
material is present. Available food, temperature, moisture, and soil struc- 
ture are the factors determining the distribution maxima, which accord- 
ingly may be near the surface or deeper in the soil. 

By its structural composition the soil offers plant nematodes favorable 
conditions for a cavernicolous life; conditions such as: 1, Pore space with 
moisture-saturated air; 2, a film of moisture over the particles of soil; 3, a 
narrow temperature amplitude slow in its changes; and 4, good protection 
from light and the lethal action of the rays of the sun (43). Thus, a porous 
soil is particularly suitable for the nematode; sandy soils have long been 
known to favor plant nematodes and especially to promote their spread. 
Heavy clay soils are not exclusive and preventive of plant-nematode in- 
festation, but they have a restraining effect on nematode spread. 


Humidity 

Moisture is a crucial soil factor for conditioning the activities of plant 
nematodes. Proper moisture promotes nematode survival; it particularly 
makes locomotion and migration possible. Drought, on the other hand, is 
inimical to nematodes. As a protection from drought some plant nematodes 
can enter a state of dormancy and revive when sufficient moisture is avail- 
able. This adaptation may reach a climax in special phenomena such as that 
observed in some species of Ditylenchus, where hundreds of thousands of 
specimens may aggregate during dormancy and form curl-like masses. On 
the other hand, excess of moisture in the form of water is detrimental to 
certain plant nematodes. For example, the flooding of land for prolonged 
periods of 3 months or more may reduce root-knot infestations. 

Table 6 shows the relationship of moisture based on the average rainfall 
(precipitation) to nematode population numbers in five of the locations. 
Since climatological data were not available for three locations, a general 
statement as to the relationship of these factors on nematode populations 
cannot be made. No apparent relationship was noted in the distribution of 
nematode populations according to average rainfall except for root-knot 
the population of which decreased as rainfall increased in the North Coast. 
In Arecibo where precipitation was lower than in the other two locations 
of the Northern Region, the population numbers were higher for all the 
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genera as well as for the three genera mentioned in table 6. In Corozal, 
where precipitation is high, nematodes were more numerous in general than 
in Lajas; the reniform nematode was much less frequent while spiral nema- 
todes were more numerous. 


Temperature 


In addition to humidity or moisture, temperature is one of the most 
important factors affecting the distribution of plant nematode populations. 
Some species of nematodes can endure high temperatures, like those living 
in hot springs and others inhabiting desert soils. Other species on the con- 
trary, are susceptible to high temperatures and are paralyzed or killed 


TaBLE 6.—Temperature and rainfall in relation to nematode population for & of the 
locations in Puerto Rico} 


| | 
| | Nematodes per square meter 











| | 
: : | Rainfall 
Location Av eee FOO oe per | ae 
| atid year lA rrr | Helico- | Meloi- 
| | al chulus | tylenchus | dogyne 
= : aa a: : pearias | Millons | Millions | Millions | Millions 
Arecibo | 76.6 | 66.83 | 3.17 | 2.00 | 1.42 | 0.09 
Barceloneta | : 58.90 1.90 | 1.19 38 | 05 
Manati 77.67 | 61.26 | 2.06 | 85 | .86 |  .04 
Lajas 76.00 52.81 | 5 | 382 | ‘O68 (| = 
Corozal 75.40 | 82.27 1.15 | .05 | .92 | 


| | 
1 Air temperature as determined by Weather Bureau and precipitation in relation 
to rainfall (precipitative). 


when exposed. Experiments performed by Godfrey in Hawaii with the 
root-knot nematode have shown that the minimum lethal temperature for 
long exposures is 41° C. (106° F.). This temperature may occur in fields to 
a depth of at least 2 and sometimes 3 inches, thereby eliminating live nema- 
todes from the upper soil layers. Temperature plays an important part in 
nematode infection and in the length of their life cycles. Godfrey has stated 
that 13° C. (55.5° F.) is the approximate minimum temperature at which 
any extensive infection will take place. 

The soil offers plant nematodes a shelter against rapid and extreme tem- 
perature changes. Plant nematodes with a permanent soil phase, that is 
those living on biennial or perennial hosts, may be more or less active even 
through off-season periods, unless frost and extreme heat induce them to 
dormancy. 

Temperature may have its effect in two ways: in its limitations on the 
actual life of the organism causing the disease, and in its effect on the num- 
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ber of generations that may be produced even if the organism can remain 
alive throughout the year. 

In temperate countries like the United States seasonal population varia- 
tions occur and are mostly influenced by temperature changes and its effect 
upon the plant nematodes. In Puerto Rico this is not the case since the 
temperature is almost constant throughout the year. The mean average 
temperature for winter is 73° F. (23° C.) and that for the summer is 79° F. 
(26° C.) with a difference of only 6° F., although there might be marked 
differences in some places. For this reason, it is assumed that plant nema- 
tode populations do not vary much during winter and summer. No study 
of this nature has been undertaken. 

As shown in table 6 temperature data were available for only four loca- 
tions. The mean temperature for these places is given in addition to the 
average populations for all the genera combined and for three of the most 
common genera. In the two locations of the Northern Region the results 
showed a general decrease of nematode population numbers where the 
temperature was higher. In Lajas, although temperature appeared to be 
lower than in the first two areas, greater extremes of temperature occurred. 
The maximum average temperature was 91° F. (33° C.) and the minimum 
average was 58° I’. (14.5° C.). Again an increase of nematodes was noted 
in Corozal, which has lower temperatures. In general, more nematodes 
were found in Corozal than in Lajas, and the same was true with Helicoty- 
lenchus, the spiral nematode, but was negative with the reniform nematode. 
Soil Types 

It has been well known for years that certain plant nematodes, such as 
the root-knot nematode, are more numerous in sandy soils or sandy loams 
than in clay soils. Table 4 shows the distribution of nematode populations 
in the different Regions and locations. The North Coast, where the soils 
are mostly sandy or sandy loam, had the highest mean average of nema- 
todes per square meter (2.23 millions). The Central Region, which as clay 
soils, has a lower number of nematodes than does the Northern; and the 
Southwestern Region, where soils are very hard clay, the average popula- 
tion number is still lower. 

On the North Coast the soils varied from light sand to hard clay in some 
locations. Table 7 shows the distribution of the samples taken in the various 
kinds of soil in the Northern Region and the average number of nematodes, 
in general, as well as of three of the most common genera. The sandy loams 
had the greatest number of nematodes with 2.98 millions per square meter 
(12.05 billions per acre). This soil offers the most suitable environment for 
them since it is of loose structure and is rich in organic matter. Sandy soils 
had lower nematode populations. The nematode genera were numerous in 
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clay loams but not in hard clay soils. In general, the sandy soils harbored 
the greatest number of parasitic nematodes with 2.45 millions per square 
meter (9.90 billions per acre) as compared with 1.97 millions per square 
meter (7.76 billions per acre) for clay soils. This represents a difference of 
0.58 millions per square meter (2.34 billions per acre). 

The reniform nematode followed almost the same numerical pattern as 
did the average of all genera. Its populations were highest in sandy loams 
but were also high in clay soils. Again, the reniform nematode was more 
numerous in the sandy soils (in general) than in clay soils; these numbers 
being 1.35 and 1.00 millions per square meter (5.46 and 4.06 billions per 
acre), respectively, a difference of 0.35 million per square meter (1.40 bil- 


TABLE 7.—Nematode population in millions per square meter of genera in relation to 
the type of soil for soils of the Northern Region of Puerto Rico! 





Population of— 








Type of soil Samples ie fale Op ea ia aa ae 
— a. | Meloidogyne |All 23 genera 
| Number | Millions Millions Millions | Millions 
Sandy | 8 1.06 | 1.00 0.04 2.19 
Hard sand | 3 91 .48 .008 | 1.61 
Sandy loam | 14 2A0 | ae | .07 | 2.98 
Clay loam | 9 94 | .58 .10 | 1.74 
Clay 8 } 1.42 | on | .06 1 Quae 
Hard clay c | yan .92 .06 1.83 


| 


1 The classification of soil types is an artificial one based on field observations and 





not on laboratory tests. 


lions per acre). The occurrence of spiral nematode populations was almost 
the same in all soils, but was slightly higher in sandy and hard clay soils. 
The average populations for sand and clay soils in general were 0.74 and 
0.67 million per square meter (2.99 and 2.71 billions per acre) respectively. 
The root-knot nematode was slightly more numerous in clay than in sandy 
soils, with an average of 0.07 and 0.05 million per square meter (0.27 and 
0.17 billion per acre) respectively, but was found in only a few of the sam- 
ples from clay soils. Sandy and clay loams harbored the highest number of 
Meloidogyne spp. 


Soil pH 

Soil pH conditions do not appear to be selective or conditioning factors 
of much significance for plant nematodes. Karly claims that high alkalinity 
of a soil reduces the incidence of root-knot nematode infections have not 
been confirmed by later tests (table 8). 
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All the soils from which samples were taken appeared to be acid. The pH 
ranged from 3.65 to 5.82. No marked differences in pH at different locations 
were noted. Table 8 shows the mean average pH (calculated by converting 
figures to: pH = —log [H}) for the different localities and its relation to 
the mean averages of nematode population numbers in the respective 
places. This is shown also for the more abundant genera, Rotylenchus, 
Helicotylenchus, and Meloidogyne. In none of them is there any reasonable 
correlation with the pH. It should be noted here that many other factors 
are present, which might be the cause of the lack of correlation. 


TaBLeE 8.—The pH values for different localities and their relation to average numbers 
of nematodes in general and to those of the most common genera in Puerto Rico 





| 


Millions of nematodes per square 





| 
| | 





Location pH a 
Average of all | Rotylen- | Helico- | Meloido- 
23 genera | chulus tylenchus gyne 
Northern Region 3.84 | 2.22 | 1.37 | 0.82 | 0.06 
Barceloneta 4,21 1.89 1.19 38 05 
Manati | 3.85 | 2.05 | .85 .86 .04 
Vega Baja | 3.66 2.41 | 1.39 1.01 10 
Vega Alta 3.84 1.61 } 1.21 80 .001 
Arecibo | 3.74 | ke | 2.00 1.42 .09 
Southwestern Region | | | 
Lajas | 3.85 74 | 3.12 O70 = 
Central Region 4.25 | 1.09 .42 .48 — 
Las Piedras |} 4.13 | 1.08 .64 .20 — 
Corozal | 4.42 | 1.15 | .05 .92 ~- 











Table 9 shows 11 different pHs in Barceloneta soils (North Region). 
Here the precipitation, temperature, and the cultivation methods were 
the same, but the previous crop, age of the plants, and soil type were some- 
what different. No apparent correlation was found in the general plant 
nematode population numbers. The occurrence of three of the most com- 
mon genera are shown and in none of them was a correlation with pH noted. 
Table 10 shows the same relationship in a different kind of soil and in a 
different location. It shows results from the six samples taken in Las Piedras 
(Central Region) and their respective pH readings. Neither the general 
mean average of nematode population numbers nor the two specific genera 
showed any apparent relation to pH. The root-knot nematode was not 
present in the samples taken at that time. 


Plant Varieties 


The susceptibility of different varieties of pineapple plants to nematode 
attack has not been studied in detail. Most of the experiments carried on 
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in Hawaii have been done with the Smooth Cayenne variety, but no refer- 
ence to other varieties is available. In Puerto Rico investigations have been 
devoted mainly to the Red Spanish variety of pineapple. 


TABLE 9.—The relation between soil acidity and plant nematode population per square 


meter in Barceloneta soils in Puerto Rico! 





Millions of nematodes per square meter 








| 

| 
aa [A | | | 

i yoy tok | Rotylenchulus | Helicotylenchus| Meloidogyne 
3.84 | 2.37 | 1.84 | 0.16 | 0.05 
3.90 } 1.46 | 1.13 | 08 | ~ .09 
3.98 8.47 | 2.11 | 1.05 | .00 
4.02 | 75 | 49 | 48 | .002 
4.06 | 26 15 | 05 | .0007 
4.22 | 59 | 09 | 33 .0007 
4.23 } 1.31 | AT 67 | .12 
4.25 | 2.79 | 2.40 | 21 =| 08 
4.40 | 5.86 | 5.36 | .18 | 18 
4.79 | 1.82 | 1.40 35 | 007 
5.82 44 | 16 | > | 03 





1 This table represents 11 of the samples from Barceloneta where precipitation 
and data on temperature were the same; the soil types did not differ markedly. 


TABLE 10.—The relation between soil acidity and nematode population numbers in 


4.10 
4.15 
4.23 
4.95 





clay soils of Las Piedras, Central Region! 


Millions of nematodes per square meter 





—— all 23 Rotylenchulus Helicotylenchus 
| 0.72 | 0.62 | 0.002 
1.62 | 94 .34 
1.05 | .76 | 15 
.49 .30 .12 
.70 .49 05 
92 | .74 .10 


1 Root-knot nematode was not found to be present. 


Three varieties of pineapple are being cultivated in Puerto Rico, 7.e., 
Smooth Cayenne and Red Spanish, which are the most common, and the 
Puerto Rico Bull Head (Cabezona) variety, which is cultivated only in the 
Southwestern Region. Considering again Barceloneta in the Northern Re- 
gion as an example, results showed that Smooth Cayenne Variety is more 


susceptible to plant nematodes in general than Red Spanish (table 11). Here 
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the average number of nematode individuals of all genera was 1.35 and 
2.10 millions per square meter (5.46 and 8.46 billions per acre) found for 
Red Spanish and Smooth Cayenne, respectively. The same was true with 
Rotylenchulus. Red Spanish had a population of 0.69 million per square me- 
ter, while from Smooth Cayenne 1.64 millions per square meter were ob- 
tained. The spiral and the root-knot nematodes showed opposite behavior. 
These two were more abundant in the Red Spanish variety, which suggests 
that they prefer this variety of pineapple, or that it is more susceptible to 


TaBLE 11.—The relationship of 2 pineapple varieties, Smooth Cayenne and Red Spanish 
as to average number of nematodes, and to 3 genera of nematodes in Barceloneta, 
Northern Region of Puerto Rico 








Population in millions per square meter for— 
Group 


Red Spanish 





Smooth Cayenne 





Average for 23 genera 








1.35 | 2.10 

Rotylenchulus 0.69 | 1.64 
Helicotylenchus | 05 | 04 
| .02 


Meloidogyne | 04 


TABLE 12.—Average numbers of nematodes for the 3 varieties of pineapple and the total 
number of samples of each examined from all locations in Puerto Rico 





| Mean average of nematodes per 














Variety | Samples square meter 
ae menes, [eer en 
Number | Millions 
Smooth Cayenne | 15 | 2.12 
Red Spanish | 42 | 2.00 
Puerto Rican Bull Head | 3 | .74 








their attack. The greatest number of plant nematodes in one sample (5.87 
millions per square meter) was found in one of the samples of Smooth Cay- 
enne; while the greatest number of genera ina sample (/5) was obtained from 
the Red Spanish variety. 

In general, Smooth Cayenne had a mean average obtained from 15 plant- 
ings of this variety in the whole pineapple production area of 2.12 millions 
per square meter (table 12). Red Spanish pineapples had a general average 
of 2.00 millions per square meter, which represents 0.12 million per square 
meter less than that for Smooth Cayenne. Forty-two fields of Red Spanish 
pineapples were examined in the whole Island. The Puerto Rico Bull Head 
variety had an average of 0.74 million per square meter, but only three 
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fields were examined. This might suggest that the Bull Head variety is the 
most resistant, but no significant difference was found among varieties. [!x- 
perimentation is needed before general conclusions are reached. 

No preference of genera was noted for a particular species of pineapple. 
Two genera, Rotylenchus and Xiphinema were found in Red Spanish plants 
only, but they were present in only three samples. Four genera, Carcharo- 
limus, Leptonchus, Longidorus, and Diphtherophora were found in only one 
sample of Smooth Cayenne and in none of the Red Spanish plants, but of 
these only Longidorus is known as a plant parasite. As already noted only 
nine genera were found in the Bull Head variety of plants in the South- 
western Region. 


TABLE 13.—Nematode populations in relation to previous crops planted in Puerto Rico 


Proportion of all Nematodes in 


Previous crops Samples | samples examined Pevcaccsyged id 
Number | Percent Number 
Sugarcane 22 | 41.66 2.30) 
Sugarcane and grapefruit 9 15.00 1.69 
Pasture 11 18.34 | 2.06 
Crotalaria 2 3238 | 1.75 
Pineapple (12 to 20 years) 16 20.00 L472 





Previous Crop Planted 

The previous crop planted and the amount of crop litter in a certain soil 
may have its influence on the populations of plant nematodes of the succeed- 
ing crop because many nematodes are more attracted by certain plant 
genera and species than by others. In this case some of the farms now 
planted to pineapple were previously in sugarcane (Saccharum officinarum) 
or grapefruit (Citrus maxima), or were rotated with Crotalaria species, or 
were in pasture composed of weeds and grasses (table 13). Some of the 
farms had been planted continuously with pineapple for 20 or more years. 

Thirty-one (51.67 percent) of the fields studied were previously planted 
to sugarcane; pineapples had been cultivated for at least 6 to 12 years. The 
average population number of plant nematodes in these were 2.30 millions 
a square meter (9.29 billions per acre). Nine of these fields were planted at 
some time with sugarcane and grapefruit; the average number of nematodes 
found in these samples was 1.69 millions per square meter (6.81 billions 
per acre). Eleven (18.34 percent) samples were taken from fields previously 
planted with Crotalaria species. The other 16 samples had been planted 
with pineapple from 12 to 20 years or more, and no records of previous 
crops were obtained. 
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Other Factors 


Although no records were kept and no relationship can be established, we 
‘annot omit from this study some other biological factors which, no doubt, 
influence the plant nematode populations. Besides the variety of plants and 
previous crops planted, the age of the plants proved to be a determining 
factor. Furthermore, the edaphon of the soil includes a variety of organisms 
that are propitious, neutral, or inimical to plant nematodes. Mention should 
be made of fungi, some species of which will trap nematodes with sticky 
substances; others may form traps to catch them. In both cases the fungi 
grow into the nematode body and destroy it (73). Other soil organisms 
which might be inimical to nematodes are: Bacteria, which cause diseases; 
insects, such as collembola; mites, tardigrades, millipeds, earthworms, pred- 
atory nematodes, and protozoans, that feed upon them or cause diseases 
in them (44). 

In many of our samples mites, collembola, protozoa, and predatory 
nematodes, like A/onochus spp. and others, were observed, but no effort 
was made to determine their effect upon nematode populations. 

There are many edaphic factors which affect the presence and population 
numbers of plant nematodes. Some of these are: The mineral and chemical 
nature of the soil; soil brackishness; soil additions suchas fertilizers, compost, 
manure, lime, and trace elements; as well as cultural treatments such as 
plowing, disking, irrigation, and spraying (45). All these factors influence 
and modify the relationship of a soil to its plant nematode population, but 
none of these problems were considered in this study. 


DAMAGE AS RELATED TO POPULATIONS 


Observations showed that, in general, fields heavily infested with plant- 
parasitic nematodes had less vigorous plants, suggesting nematode attack 
symptoms. The aerial parts of the plants showed signs of this, such as 
chlorosis accompanied by black spots and/or a reddish color of the leaves. 
These usually appear to form whole patches in the pineapple fields; they 
also show dieback of leaves, dwarfing of plants, and the subsequent reduc- 
tion in yield because of tiny fruits, and, in rare cases, they may result in 
the death of the plants. Abnormal growth without the production of fruits 
was generally noted in plants of the Smooth Cayenne variety, as shown in 
figure 1. In some fields in Arecibo and in Vega Baja (Northern Region) 
where fumigation of soil had been employed for the control of nematodes 
and where populations were numerous, the plants were healthy and were 
producing good yields. 

The above symptoms might have several causes. Therefore, the above- 
ground condition of the plant is not, alone, a reliable criterion on which 
to base the presence or absence of nematodes. Observation of the roots is 
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Fic. 1.—A, Abnormal pineapple plants of Smooth Cayenne variety which produced 
tiny fruit or none at all; typical chlorotic, abnormal plant producing no yield to the 
right, and chlorotic, stunted plant which produced tiny fruit to the left. B, Smooth 
Cayenne pineapple plants from the Northern Region showing an apparently healthy 
plant at the right and a chlorotic, stunted plant with nematode-diseased roots to the 


left. 
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most important. The symptoms exhibited by diseased roots were numerous 
and varied according to the species or genera as well as the number of nema- 
todes present in the soil. The symptoms caused by the root-knot nematode 
were usually easy to detect since galls were usually formed; these galls were 
not as large as those formed in roots of tomatoes or other plants. Main 
root terminal and nonterminal galls accompanied by frequent ‘‘brooming”’ 
and galls on branch rootlets constituted the visible signs of the disease in 
the pineapple root system. Iigure 2 shows galled and ‘“‘broomed”’ conditions 
of the roots. Old galls were black and cracked; usually Paratylenchus, 
Pratylenchus, and A phelenchoides species were removed from the cracked 
yalls. Free-living genera, such as Rhabditis, Cephalobus, and Eucephalobus 
were very common in damaged roots. Roots were frequently found exhibit- 
ing no external evidence of the root-knot disease, but on inspection under 
the microscope numerous females with egg masses were discovered im- 
bedded in the tissue. 

The meadow nematode has long been known to form black or brown 
lesions on the roots of plants. In plants wherein great numbers of these 
genera were found, the roots showed brown or black spots or elongated 
lesions. This was noted in young roots. Mature or old roots were usually 
completely black and very often were entirely dead. Similar symptoms 
might be caused by other genera, since they were noted also where reniform 
and spiral nematodes were numerous. Lesions, as shown in figure 2 A, were 
very common in places where the last two genera prevailed. ‘“‘Broomed”’ 
and stubby roots, caused by the destruction of main roots and the develop- 
ment of secondary and tertiary roots, were very common in all the localities. 
Figure 3, A, shows such roots from the Southwestern Region. Damage such 
as that reported to be caused by the meadow nematode could also be ob- 
served, but since the reniform and the spiral nematodes were the most nu- 
merous, these might have been the cause of at least part of the condition. 

Stunted plants of Smooth Cayenne like those in figure 1, A, were very 
common on the North Coast, associated with great numbers of Rotylenchu- 
lus, Helicotylenchus, Meloidogyne, Pratylenchus, and Paratylenchus species. 
In one sample from Barceloneta, where there were 5.87 millions of nema- 
todes per square meter (23.72 billions per acre), 5.36 millions per square 
meter (21.69 billions per acre) of which belonged to the reniform nematode, 
almost all the plants were excessively stunted and not producing any yield; 
they had to be destroyed after one year. Roots like those shown in figures 
3 and 4 were very common. Plants such as shown in figure 3, B, possess the 
common type of deformed and abnormal root growth, which exists in sandy 
soils of Barceloneta. 

Nematodes are supposed to be vectors of socalled soil-borne viruses. 
They are carriers and vectors of other organisms such as bacteria and fungi. 





B 


Fic. 2.—A, Pineapple roots showing root-knot galls, the ‘“‘broomed’’ condition 
caused by nematodes, and also rotting. B, Pineapple roots displaying ‘‘broomed,” 
galled, and rotting conditions caused by root-knot and other nematodes. 
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Fic. 3.—A, Bull-head pineapple roots from the Southwestern Region display- 
ing x chronie ‘“‘broomed”’ condition and also decay of the root cortex caused by the 
destruction of root tips by nematodes. B, Roots from Red Spanish variety pineapple 
showing the type of root system found in sandy soils infested with parasitic nema 
todes, as well as root galls and “broomed”’ condition. 
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Fic. 4.—A, ‘‘Broomed”’ and rotten condition of pineapple roots common where 
populations of Helicotylenchus, Rotylenchulus, and Pratylenchus, are large. B, Typi- 
cal pineapple root system found growing in the hard-clay soils of the Southwestern 
Region where parasitic nematodes of Helicotylenchus, Rotylenchulus, and Pratylenchus 
were numerous. 
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Nematodes have been assumed to weaken the plants by interfering with 
the regular plant functions and so preparing the way for the invasion of 
other diseases. No careful study of this sort was conducted. 

No reliable estimate of the amount of nematode damage done to pine- 
apple plants on the Island was at hand, but it was estimated that great 
part cf the crop is lost. This was based on the damage done to the crop as 
evidenced by reducticn in yield and number of shoots preduced, and the 
control expenses. 

DISCUSSION AND CONCLUSIONS 

At least 16 of the 23 different genera recovered from soil and root samples 
of pineapple plantings in different Regions of Puerto Rico during this study 
were dangerous plant parasites. Six genera, as shown in table 3, were suffi- 
ciently widespread to be considered major pests in pineapple fields and to 
be the cause of the decline in pineapple production in Puerto Rico. Roty- 
lenchus, the reniform nematode, and Helicotylenchus, the spiral nematode, 
were present in great numbers both in roots and in the surrounding soil, 
which suggests that they are probably the most serious pests. J/eloidogyne, 
the root-knot nematode, Pratylenchus, the meadow or lesion nematode, 
Ditylenchus, the bulb and stem nematode, and Paratylenchus, the pin nema- 
tode, were widely distributed also, thus adversely affecting pineapple pro- 
duction at least to some extent. These results are in accordance with those 
of previous studies. 

It has been long known in Hawaii that the root-knot nematode, Meloz- 
dogyne spp., is causing considerable damage to sugarcane, (3, 4, 7, 10, 32, 
38, 39, 40, 44, 49, 50, 51, 52, 53) pineapple, and many other agricultural 
crops. The other five genera are also well-know in relation to nematode 
decline in pineapples. A species of the meadow nematode, Pratylenchus 
brachyurus, known at that time as Tylenchus brachyurus, was noted on 
pineapple roots in Hawaii (/6). This species was the most common of the 
meadow nematodes found in the samples during this study. The reniform 
nematode, Rotylenchulus reniformis, was reported as being one of the most 
common nematodes affecting pireapple in Hawaii (35). The pin nematode, 
Paratylenchus, was found in pineapple roots of Hawaiian plantations by 
Linford, Oliveira, and Ishii (37). Linford (34) reported ‘‘Injurious nema- 
todes...., are already established widely in pineapple fields in the Loma 
Bonita area, both in lands that were formerly forest and those that were 
grassy fields.”” Although Meloidogyne species were considered to be the 
most destructive, Linford recognized that species of Pratylenchus were 
“capable of serious injury to roots when abundant.” Rotylenchus also was 
frequently extracted. Probably most of the specimens of this genus as re- 
ported were actually members of Helicotylenchus since, previously, both 
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types were included under Rotylenchus. Although these genera were uni- 
versally distributed we cannot eliminate the possibility that some of the 
other genera can be equally important as plant parasites in certain pine- 
apple fields. Many of them were found to be associated with the general 
symptoms of nematode attacks in several locations. 

Large populations of parasitic nematode types were observed. A summary 
of the numbers found is shown in tables 3 and 4. The average number of 
nematodes per square meter, 1.75 millions, or 7.05 billions per acre, in the 
whole Island seems to be high. In previous studies in the United States 
(9, 11, 47) it was found that the number of nematodes in the top foot of the 
soil was as high as thousands of millions, but no special figure was given. 
Other calculations show 3 billion nematodes as being the average number 
per arable acre of soil. In a more precise study conducted in Switzerland 
by Stockly (43), it was shown that there were from 2 to 18 million nema- 
todes per square meter in the top 15 em. (about 6 inches) of cultivated and 
pastureland. These figures are higher than ours, although it should he 
kept in mind that only parasitic nematodes were included in the pres- 
ent study, even though the identifications and calculations were dcne 
for free-living and predatory genera found. The dry soils, due to the general 
drought suffered in the Island, may have had some effect on the occurrence 
of the nematodes, causing a reduction in populations. 

The reniform and the spiral nematodes were the most numerous, followed 
by Pratylenchus, Ditylenchus, and Paratylenchus. In Hawaii the situation 
seems to be different because root-knot nematodes are reported the most 
abundant there. In Puerto Rico the root-knot nematode was found only 
in the Northern Region and then not in considerable numbers, although it 
is probably more abundant since only larvae and males were counted with- 
out taking into consideration adult females. 

Some of the observed ecological factors seemed to exert their influence 
upon the nematode populations while others showed no apparent relation. 
Rainfall showed no relationship to population size in general, although 
some effect on root-knot populations was apparent. Since the soil moisture 
was not taken, we cannot make general conclusions. Soil moisture has been 
considered a crucial factor in the activity of nematodes, which affects their 
distribution in the soil. Godfrey (/5) recognized humidity as playing an 
important part in the life cycles of nematodes. 

In this study a combination of both temperature and humidity seemed 
to have more effect than either of the two alone, although some direct effect 
was noted for high and low temperatures. The number of nematodes was 
lower (table 6) where temperatures were high and precipitation low. These 
results appear to support the generalization made by Godfrey (1/4), God- 
frey and Hagan (19), and Godfrey and Hoshino (22). Hagan (27) found 
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that, since a temperature of 40° C. for 2 hours and 15 minutes is lethal to 
the larvae of the root-knot nematode, it is “quite apparent” that this 
nematode cannot survive at a !4-inch depth in the soil during the greater 
part of the year. “At a depth of 3 inches during the summer months the 
temperature of exposed soil approaches this critical point at intervals so 
that comparatively few, if any, nematodes find a suitable environment 
above this level at any time’’. Contrasting opinions have been given as to 
the role of temperature and moisture. Some authors believe that moisture 
is not so important since there is always some humidity in the soil; even 
under conditions of drought nematodes are able to move in the soil. Steiner 
(45) considered the temperature and moisture together with food avail- 
ability to be the most important factors conditioning maxima of nematodes 
in the soil. 

The range of pH of the soils included in this study did not appear to be 
of any importance in population distributions. This has been a controversial 
matter, and although it was previously claimed that it has its effect as a 
selective or conditioning factor for plant nematodes, studies conducted in 
Hawaii by Godfrey and Hagan (19) with the root-knot nematode, showed 
that there was no such relationship. 

In general, nematode populations were largest in sandy and sandy-loams 
of the Northern Region but less so in hard clay soils of the Southwestern 
and Central Regions. This pattern was followed by Rotylenchulus while for 
Helicotylenchus no difference was noticed. The root-knot nematode was 
common also in sandy loams although its population numbers were higher 
in clay soils of the Northern Region. This genus was represented in all 
samples taken from sandy loam soils while present in only a few of the 
samples taken from clay soils. This nematode is usually found in light soils, 
although it can multiply freely in clays once it has been introduced there. 
Its higher percentage presence in sandy loams can be explained by the fact 
that its movement here is easier and its transportation from place to place 
is hastened by many factors. 

The variety and the age of the plants and the previous crop planted in 
the respective fields were conclusive factors conditioning population size, 
although statistical analysis revealed no significant differences among them. 
The Smooth Cayenne variety of pineapple was more susceptible to nema- 
tode attack than was the Red Spanish variety. No comparison could be 
made with the Puerto Rico Bull Head since this is cultivated in one Region 
only, where the other two are absent. It is a known fact that different 
species and varieties of plants react in different ways to the attack of 
nematodes, and at the same time different species of nematodes are more 
attracted by some varieties of plants than by others. 

In the fields which were previously cultivated with sugarcane and which 
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had been planted to pineapple from 4 to 12 years, the number of nematodes 
was highest. Next in this regard were pastures. Those fields rotated with 
Crotalaria species also showed high nematode populations although cro- 
talarias are supposed to be resistant to some nematode species. It should be 
kept in mind that many weeds which are suitable nematode hosts also grow 
in these fields, and that those weeds have been growing in pineapple fields 
for several years. Fields planted with pineapple for 12 to 20 years or more 
showed the fewest nematodes; this is the opposite of what one usually 
expects. 

Differences were noted in relation to the age of the plants and nematode 
populations but these were not statisically significant. Plants 18 months 
old harbored higher nematode populations than did younger or older plants, 
while populations were lower after 30 months. 

Other edaphic and biological factors present in the soil have their effects. 
Bacteria and protozoa feed upon and cause disease in nematodes. Nema- 
todes are preyed upon by three distinct groups of fungi: The Zoopagales, 
the nematode-trapping Hyphomycetes, and the endozoic Hyphomycetes (13). 
Animals such as earthworms, mites, millipedes, and insects also are im- 
portant, but, although many of them were observed in the samples, no 
study was conducted and no data on their effects were taken. 

Fertilizers and other soil additives are important as conditioning factors, 
but no study was undertaken. In Arecibo and in Vega Baja where soil 
fumigation is used for the control of nematodes, and where the plants were 
apparently healthy, the root systems normal, and the yield high, the higher 
number of nematodes was found. This may be caused by either of three 
factors or a combination of them: 1, The methods employed for the applica- 
tion of chemicals in these places are in some way improper and/or reinfec- 
tion is hastened by cultivation methods; or 2, the chemicals kill the nema- 
tode enemies at the same time that they reduce the nematode populations. 
The plants have a good start and grow vigorously. Since the nematodes do 
not have the same competition of their natural enemies, they multiply 
rapidly until populations heavier than the ones before fumigation are 
found. Since the plants are already well-established the heavy populations 
do not have the effect they could have if early infections occurred. This is 
the principle usually used for nematode control in perennials where a com- 
plete kill of the nematodes is not expected, but fumigation will insure a 
good start for the plants. Besides this 3, and perhaps more logical, is the 
fact that the nematodes will be able to reproduce and multiply much 
quicker when food is available in the form of a well-developed root system 
such as is present in fumigated fields, at least during the first months after 
fumigation. So the nematodes in these roots are able to reach higher popu- 
lation numbers than in a weak root system. 
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From the results obtained in this study and from scattered greenhouse 
and field trials it is concluded that plant-parasitic nematodes constitute a 
major problem in the production of pineapple in Puerto Rico. The genera 
found are not only widespread but also numerous. Large numbers of 
parasitic forms are usually associated with dwarfing of plants, chlorosis, 
occurrence of reddish and black spots on the leaves, narrow leaves, dying 
back of the leaves, abnormal, malformed, galled, rotten and ‘broomed”’ 
roots, as well as marked reduction in fruit size with the consequent relation 
instances. A great part of our production is being lost and nematodes may 
be cited as one of the main causes. 


SUMMARY 


In this study undertaken in Puerto Rico during the months from March 
through September 1957, 60 different samples of plant-parasitic nematodes 
from roots and soil were taken from various pineapple farms in 3 of the 4 
production Regions of Puerto Rico: Northern, Southwestern, and Central. 
The fields were selected at random, and those showing no symptoms of 
nematode injury, as well as those showing such symptoms, were studied. 
The methods employed for field collection were a modification of those 
used by Cobb. The laboratory methods and the recovery of nematodes 
from the soil were a combination of the screen and Baermann-funnel meth- 
ods. 

Twenty-three different genera of nematodes were recovered, 16 of which 
were recognized as being plant parasites and the other 7 were suspected. 
There was no case in which a sample was found to be free of plant nema- 
todes. In fact, the lowest number of genera present in 1 sample was 5 and 
the highest was 15, with a mean average of 9 genera per sample. 

The most frequently occurring genera were Rotylenchulus and Helicoty- 
lenchus which were present in all the samples. Less frequent but still com- 
mon were Pratylenchus, Paratylenchus, Aphelenchoides, Dorylaimus, Dity- 
lenchus, and Meloidogyne. This last one was found only in the Northern 
Region. The other 16 genera were less widely distributed. 

Populations of the first 2 genera were large, with a general mean average 
of 0.97 and 0.67 million per square meter (3.90 and 2.70 billions per acre), 
respectively. Their population size was higher in the Northern Region, 
while in the Central and Southwestern Regions it was lower. The average 
nematode population was 1.75 millions per square meter (7.05 billions per 
acre) at 6 inches depth. Several edaphic, climatological, and biological 
factors were found to be related to population sizes for all the genera and 
some specific genera studied. Population size of the genera varied with 
geographic location, type of soil, age and variety of the plants (although 
not statistically), previous crops planted, and temperature. No apparent 
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relation was noted between precipitation except for the root-knot nematode 
and pH of the soil and nematode population size. No study was conducted 
of other biological factors such as different soil organisms, or cultivation 
methods and soil additives. 

It was estimated from the results obtained in this study and the damage 
observed in the pineapple plantings of this as well as previously scattered 
experiments that nematodes cause the loss of a great part of the crop yield 
in the Island. This loss has been calculated by the Extension Service officers 
to amount to at least 40 percent of the potential yield. 

RESUMEN 

En este trabajo, efectuado en Puerto Rico durante los meses que se ex- 
tienden de marzo a septiembre de 1957, se ofrecen los resultados obtenidos 
del estudio de 60 muestras distintas de rafces y suelos de varias siembras 
de pifia, en tres de las cuatro dreas productoras de esta fruta que alojaban 
nematodos fito-parasiticos. Los pifiales fueron seleccionados al azar, some- 
tiendo a estudio tanto los que no presentaban evidencia alguna de infesta- 
cién de nematodos, como los que mostraban efectos de indudable infesta- 
cidn. 

En la coleccién de estas anguilulas se empleé el método originalmente 
usado por Cobb, con algunas modificaciones. También una combinacién de 
los métodos de cedazos y embudos de Baermann para separarlos de la tierra 
y las raices. 

Se obtuvieron 23 géneros distintos de nematodos, 16 de los cuales eran 
pardsitos de plantas, y los otros 7 eran meramente sospechosos. No hubo 
un solo caso de siembras de pifia que estuviera libre de la accién de nemé- 
todos. El menor nimero de géneros encontrados en una muestra fué 5, y 
la infestacién mas alta 15, lo cual arroja un promedio de 9 géneros de estas 
anguilulas por muestra. Estos géneros estaban representados por innumera- 
bles especies. 

Los géneros de nematodos que con mas frecuencia encontramos fue el 
Rotylenchulus y el Helicotylenchus, presentes ambos en todas las muestras 
recogidas. Menos frecuentes, pero muy comunes, se observaron especies de 
Pratylenchus, Paratylenchus, Aphelenchoides, Dorylaimus, Ditylenchus y 
Meloidogyne. Este ultimo se encontré solamente en muestras tomadas en 
la costa norte. Los 16 restantes estaban distribuidos en un drea menos 
amplia. 

La poblacién de los 2 primeros era inmensa, con un promedio de 0.97 y 
0.67 millones por metro cuadrado: 3.90 y 2.70 billones por acre, respectiva- 
mente. Eran mas numerosos en la costa norte, y su incidencia menor en 
las regiones del centro y suroeste. La poblacién promedio de nematodos fue 
de 1.75 millén por metro cuadrado (7.05 billones por acre) a 15-20 em. (6 
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pulgadas de profundidad). Varios factores edaficos, climatoldégicos y biold- 
gicos concurrieron para determinar el tamafio poblacional de todos los gé- 
neros y de algunos que, especificamente, se estudiaron. 

Ii] tamano de la poblacién de nematodos varidé, (aungue no estadisti- 
camente) segtin la localizacién geografica, el tipo de suelo, edad y variedad 
de plantas, siembras anteriores y temperatura. 

No hubo evidencia de relacién alguna entre humedad en términos de 
precipitacién (con excepcién del nemaétodo que causa nudos en la rafz de 
las plantas (Meloidogyne spp.), entre el pH del suelo y el tamafio de la 
poblacién de estos organismos. No se realizaron estudios sobre la relacién 
del desarrollo de los nematodos con otros factores de orden bioldgico, otros 
organismos del suelo, métodos de cultivo y enmiendas al terreno. 

De los resultados obtenidos en este estudio, de los dafios observados en 
distintas dreas de pifiales, asi como de diversos experimentos efectuados 
anteriormente, se llega a la conclusién de que una gran parte de la cosecha 
de esta fruta se esté perdiendo actualmente en Puerto Rico, debido sin 
duda a la dafiina accién de los nemadtodos. Funcionaios del Servicio de 
Extensién Agricola calculan que esta pérdida asciende a un 40 por ciento 
de la produccién. 
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A New Species of the Genus Helicotylenchus 
(Nematoda: Hoplolaimidae) 
Attacking Sugarcane 





Jessé Romdn} 
INTRODUCTION 

Ixaminations of soil samples collected from around the roots of sugarcane 
at different localities throughout the Island of Puerto Rico, reveal the 
presence of large numbers of plant-parasitic nematodes. Spiral nematodes 
of the genus Helicotylenchus, are among those most frequently encountered. 

Recently the author was called upon to make a study of the nematode 
population present in the sugarcane fields at Central Soller, San Sebastian, 
P.R. The soil and root samples collected at this locality revealed very high 
populations of different nematode genera, of which specimens of Helicoty- 
lenchus were the most numerous. Our attention was attracted by a form 
which undoubtedly represents a new species of this group of spiral nema- 
todes. Its description is here presented. 


HELICOTYLENCHUS CONCAVUS N.Sp. 


MATERIAL 16 females 

MEASUREMENTS L = 0.63-0.78 mm.; a = 26.6-32.74; b = 5.9-8.6u; 
e = 40.4-52.4u; V = 58-66 percent; stylet 28-294; phasmids at 32-40 
from tail end; dorsal pharyngeal gland opening at 13-14y from base of 
stylet. 

DESCRIPTION Body tapering at both extremities, anteriad of intestine 
and posteriad of anus. Head marked by 4 annules, continuous with body 
contour. Cuticle plainly annulated; annules broad and convex, interrupted 
by the lateral fields which have 4 incisures, the 2 internal ones joining to- 
gether at the 9th to 10th annule behind anal opening; incisures beginning 
slightly behind base of stylet, ending in front of tail end, central strip 
slightly wider than edging ones. Phasmids variable in position, but always 
located anteriad to the latitude of the anal opening at 32 to 40u from tail 
end. Cervical papillae not seen. Tail with broadly rounded terminus, and 
annulation following tail contour; slightly concave dorsally as shown in 
figure 1, D. Hemizonid 3 annules in front of excretory pore. Excretory canal 
witha collaret as shown in figure 1, A. Head narrower than body. Cephalic 

' Assistant Nematologist, Agricultural Experiment Station, University of Puerto 
Rico, Rio Piedras, P.R. The writer wishes to express his appreciation to Dr. G. 
Steiner, of this Station for his guidance and encouragement during the prepara- 


tion of this paper. 


300 











rarcane 
eal the 
1atodes 
ntered., 
natode 
astian, 
rv high 
elicoty- 
a form 
nema- 


I-8.6u; 
32-40 u 


ase of 


testine 
1 body 
rupted 
ing to- 
‘inning 
1 strip 
always 
m tail 
is, and 
ywn in 
y canal 
:phalic 


Puerto 
Dr. G. 
repara- 














A NEW SPECIES OF HELICOTYLENCHUS ATTACKING SUGARCANE 





























Fig. 1.—Helicotylenchus concavus: A, Female; X 540; B, head end, X 720; C, 
cross section of body at a region posteriad of pharyngeal glands and anteriad of right 
ovary, X 720; D, tail end, X 720; E, lateral field, X 720. 
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framework prominent. Buccal stylet of adult 28 to 29u long, its knobs 
slightly concave anteriorly. Protrudor muscles of stylet attached to vestibu- 
lum framework. Median pharyngeal bulb ovoid to spherical, with a con- 
spicuous valvular apparatus. Nerve ring at about center of isthmus. Glan- 
dular lobe of pharynx variable in size, but always overlapping intestine. 
Outlet of dorsal pharyngeal gland 13 to 14u behind stylet (z.e. about half 
the length of the stylet). Intestine granulated. Vulva a transverse slit at 
58 to 66 percent of total length, without lateral flaps. Vagina with cuticu- 
larized reinforcement in the wall. Ovaries outstretched on either the right 
or left side of intestine, but always on the same side. Oocytes in single file 
except for a short region close to the distal end. Conspicuous spermathecae 
present. 

HOLOTYPE Female collected on April 8, 1961, in the sugarcane fields at 
Central Soller, San Sebastidn, Puerto Rico. Slide No. 1 author’s collection. 

MALE Not known. 

PARATYPES Slides Nos. 2, 3, 4, and 5 author’s collection, also vial No. 1 
deposited in the collection of the Section of Nematology, Department of 
Entomology, of this Station. 

TYPE LOCALITY Sugarcane fields at Central Soller, San Sebastian, P.R. 

TYPE HOST Sugarcane, Saccharum officinarum L. 

DIAGNOSIS Helicotylenchus concavus n.sp. resembling Helicotylenchus platy- 
urus, Perry, 1959, but different by smaller size (only 0.63 to 0.78 mm. 
as compared to 0.85 to 0.94 mm. in H. platyurus), a shorter stylet (only 
28 to 29u as compared to 30 to 34y in H. platyurus), and by a slight con- 
cavity at the dorsal side of tail. It is different from all other species of the 
genus by the fusion of the two internal incisures of the lateral fields at the 
9th to 10th annule posteriad of anus, further by a collaret in the wall of 
the excretory canal close to its opening, and by cuticularized reinforcement 
in the wall of the vagina. 

Helicotylenchus concavus derives its specific name from its characteristi- 
cally slight concavity on the dorsal side of tail. 


SUMMARY 


Sugarcane in Puerto Rico is attacked by high populations of plant para- 
sitic nematodes, of which specimens belonging to the genus Helicotylen- 
chus are among the most numerous. A new species of this genus was found 
at Central Soller, San Sebastidn, P.R. A description of the nematode, as 
well as a plate illustrating the same are given in this article. 


RESUMEN 


Gran nimero de nematodos parasiticos atacan la cafia de azticar en 
Puerto Rico, de los cuales las especies del género Helicotylenchus son de las 
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mds numerosas. Una nueva especie de este género se encontré en Central 
Soller, San Sebastiin, Puerto Rico. Aqui en este articulo se describe y se 
jlustra esta especie. 


~I 
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Xanthomonas vesicatoria in Puerto Rico 


J. Enrique Pérez and Amelia Cortés-M onllor' 
INTRODUCTION 


During the summer of 1960 tomato leaves and fruits with symptoms 
highly suggestive of scab spot were collected in Jayuya by the Station 
Director and brought to the laboratory for study. Later on, Dr. Frederick 
L. Wellman also brought to the laboratory a few tomato fruits with lesions 
which were tentatively diagnosed as those of scab spot. These tomatoes 
came from an experimental plot at the Isabela Substation. 

Since scab spot of tomato has never before been reported from Puerto 
Rico, studies were carried out to confirm its existence in the Island. This 
paper reports the results of these studies. 


MATERIALS AND METHODS 


SOURCE OF INFECTED MATERIAL 


Green tomatoes of the variety Manalucie bearing scab lesions about 3 
mm. in size were brought to the laboratory. The lesions were crateriform 
in shape and had a raised center (fig. 1, A). Material was also obtained 
from leaves showing brown spots. 


ISOLATION PROCEDURE 


Isolation was performed in either of two ways: 1, By using a sterile 
inoculating needle material from a single lesion was scraped and inoculated 
to nutrient broth, or 2, a circular cut surrounding the lesion was made 
with a sterilized scalpel, and the whole piece of tissue removed. Two or 
three such pieces of tissue were placed in a sterile mortar and ground with 
a little sterile sand. About 1 ml. of nutrient broth was then added and from 
0.05 to 0.1 ml. of the resulting suspension was aseptically pipetted to tubes 
of nutrient broth and streaked on Nutrient Agar (Difco) plates. Material 
from leaves showing the brown spots was also ground in mortars and 
similarly treated. 


1 Bacteriologist, and Research Assistant in Bacteriology, respectively, Agricultural 
Experiment Station, University of Puerto Rico, Rfo Piedras, P.R. 

2 Cultures of all samples yielded the same organism. Only one of the cultures 
obtained from the scab spots on fruits was run through all tests herein reported. 
Therefore, only the studies with this organism (isolate No. 98) are included in this 
report. 
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Fic. 1.—A, Seab lesions on tomato fruit produced by natural infection in the 
field, a culture from which yielded isolate No. 98; B, fruit at left shows seab lesions 
produced by inoculation with isolate No. 98 in a greenhouse-grown tomato plant; 
uninoculated fruit at right. 














305 








306 JOURNAL OF AGRICULTURE OF UNIVERSITY OF PUERTO RICO 


PLANT INOCULATION TESTS 

Two type cultures of Xanthomonas vesicatoria (Doidge) Dowson, were 
obtained: 1, A strain isolated from tomato in 1953 by M. P. Starr (No. 
11551 of The American Type Culture Collection) and 2, No. 422, a tomato 
strain from the National Collection of Plant Pathogenic Bacteria, Harpen- 
den, Hertsfordshire, England. These cultures will be referred to as Nos. 
11551 and 422, respectively, while the isolate here reported will be referred 
to as No. 98. 

All three cultures were grown on slants of Nutrient Agar (Difco) for 3 
days at 28° to 30° C. The bacterial growth was washed with sterile 0.85- 
percent NaCl solution (“saline”) and the resulting suspension from each 
separate culture used for inoculations. Inoculations were performed on 
green tomato fruits and on tomato plants which were bearing green fruit. 
The fruits were inoculated by lightly pricking with flame-sterilized No. 00 
insect pins through a drop of bacterial suspension. They were then placed 
inside moist chambers. Two circular sheets of moist filter paper were placed 
inside the chamber, one on the bottom and one on the inside of the cover 
so as to insure high humidity. 

The tomato plants were inoculated in the greenhouse as follows: Some of 
the fruits were first smeared with bacterial suspension by using a camel’s- 
hair brush and then lightly pricked and covered with plastic bags (/).’ The 
whole plant was then sprayed with bacterial suspension by using a small 
DeVilbiss No. 15 atomizer. The plastic bags on the inoculated fruits were 
removed after 48 hours. Three plants were inoculated with isolate No. 98 
and three with culture No. 11551. Three plants were similarly treated 
with sterile distilled water to serve as controls. 


CULTURAL CHARACTERS 


Colony form, consistency, and pigment production were observed on 
Nutrient Agar. Observations for pigment production and type of growth 
were made on sterilized potato plugs. Appearance of growth on nutrient 
broth was also recorded. 


PHYSIOLOGICAL AND COMPARATIVE STUDIES 


Isolate No. 98 was run through a series of tests together with type cul- 
tures Nos. 11551 and 422. Gelatin liquefaction was determined in a medium 
consisting of 12-percent gelatin in Heart Infusion Broth (Difco). For H.S 
detection the organisms were grown in a liquid medium of the following 
composition: Polypeptone (BBL) 10 gm., NaCl 5 gm., and distilled water 


3 Italie numbers in parentheses refer to Literature Cited, p. 310. 
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1,000 ml. The medium was distributed in 15 X 150 mm. cotton-plugged test 
tubes. After inoculation of the medium a strip of lead acetate paper was 
inserted and held in position by the cotton plug, without touching the me- 
dium. Production of H.S was shown by the intensity of blackening of the 
paper. Hydrolysis of starch was determined as described by Starr (2). Tests 
for production of ammonia (NHs3), action on nitrates, and lipolytic activity, 
were performed according to the methods described by Dowson (3). For 
determining the action of the organisms on “‘sugars’’, these were incor- 
porated in 1-percent concentration in the basal inorganic medium of Ayers, 
Rupp, and Johnson (4) with brom thymol blue as an indicator. 


SEROLOGICAL TESTS 

Antisera against cultures Nos. 422, 11551, and 98 were prepared. Rabbits 
were injected intravenously twice weekly with 1 ml. of a saline suspension 
of 2-day-old cultures of the bacteria grown on Nutrient Agar. Before inoc- 
ulation the suspensions were heated for 1 hour at 60° C. in order to kill the 
bacteria. The suspensions were standardized to approximately 600 million 
bacteria per milliliter by MeFarland’s nephelometric method (7). 

Twofold dilutions of the three antisera were performed in 0.85-percent 
saline solution and a tube agglutination test carried out by adding suspen- 
sions of the three organisms separately to each set of dilutions of the three 
antisera. As a control the same suspensions were tested with equivalent 
dilutions of an antiserum against Pseudomonas solanacearum E. I’. Smith, 
strain No. 10692 of The American Type Culture Collection and likewise 
tested with normal rabbit serum. 

After adding the bacterial suspensions all tubes were shaken and incu- 
bated for 2 hours in a 37° C. water bath and then overnight at room tem- 
perature. The test was then read by examining the tubes in front of a 
fluorescent lamp for clumping of bacterial cells. 

PATTERN OF ANTIBIOTIC SENSITIVITY 

Isolate No. 98 and type cultures Nos. 11551 and 422 were grown on 
nutrient broth for 36 hours at room temperature. The broth cultures were 
then smeared over the surface of Nutrient Agar plates so that confluent 
growth would result. Antibiotic Sensitivity Disks (Difco) were then care- 
fully placed on the surface of the inoculated agar. Disks containing low, 
intermediate, and high concentrations of the following antibiotics were 
used: Aureomycin, chloromycetin, polymyxin, neomycin, terramycin, and 
tetracycline (5-, 10-, and 30-ug. concentrations) and streptomycin and di- 
hidrostreptomycin (2-, 10-, and 100-ug. concentrations). The plates were 
then incubated for 36 hours at room temperature. 
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RESULTS 

‘rom the lesion-bearing tomatoes and spotted leaves pure cultures of a 
motile, gram-negative bacillus forming yellow, wet colonies on Nutrient 
Agar were obtained. The yellow color became noticeable after 2 to 3 days 
incubation at room temperature (+28°C). All cultures were identical, 
therefore only one among those from scab spot lesions was used for the 
comparative studies with type cultures of Xanthomonas vesicatoria. 

The isolated culture had very similar characters to those of Xanthomonas 
vesicatoria type cultures Nos. 422 and 11551. All three gave rise to slow- 
growing, yellow, smooth, wet, shiny colonies on Nutrient Agar. Smears from 


TaBLE 1.—Comparative reactions of an isolate from tomato-scab lesions and 2 type 
cultures of Xanthomonas vesicatoria! 


Culture of, " 5 ¥ 8 g 21% z = = E £ s e 

Yanthomonas vesicatoria 2 = ¥ E z S = 5 S £ ¥ = F L x 3 

SiR IAS in lola la alo fpalal@areiaia 

No. 11551 +\/A\A A}/A/A/A} +) —-} A} —} -| +) 4+ 4 
(type culture) 

No. 422 +;/A}A;/A}A}/A/}A)A/] +) —) A} —| -| +) + 4 
(type culture) 

No. 98 +;A;/A/A}A!}A;/A}]A}—?) —|] A} —| —}| 4+) 4+) 4+ 


(isolate) 


! Recorded over a period of 4 weeks. Under gelatin, + = liquefaction; under ‘‘su- 
gars’’, A = acid but no gas produced; under starch, + = hydrolysis and — = no 
hydrolysis; under NO; , — = no nitrites present; under HS, + = H.S produced; 
under NH; , + = NH; produced. 

2 Starch hydrolysis variable within species; see (7). 


colonies of the three cultures showed well-defined capsules sorrounding the 
bacilli when stained by the India-ink method. Growth was yellow and of a 
gummy consistency on sterilized potato plugs. Inoculated broth was lightly 
turbid and a yellow ring and faint pellicle were formed in a few days. 
The inoculation tests on tomato fruits and plants proved the pathogenic- 
ity of isolate No. 98 and furnished additional evidence for its classification 
asa strain of Xanthomonas vesicatoria. Within 2 weeks the plants inoculated 
with suspensions of No. 98 and of type culture No. 11551 showed leaf and 
fruit lesions similar to those described by Doidge (/) and Elliot (6) and to 
the ones found on the tomato-fruit samples brought to the laboratory (fig. 
1,A). The inoculated tomatoes borne on plants showed blackish crateri- 
form lesions with small central blisters. By the 30th day after inoculation 
the lesions on all inoculated fruits were typical of the scab disease of to- 
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mato. The control fruits and/or plants did not show any lesions and re- 
mained spot-free throughout the duration of the experiment (35 days). 
Figure 1,B shows lesions as seen on inoculated tomato fruits in the green- 
house. 


TABLE 2.—Agglutination reactions shown by No. 98 isolate and type cultures 422 and 
11551 of Xanthomonas vesicatoria! 





| Antisera for cultures—? | 











Culture No. ——— 
No. 98 No. 422 No. 11551 | No. 106928 
98 1/1024 1/1024 1/1024 — _ 
422 | 1/512 1/1024 1/512 — — 
11551 | 1/1024 | 1/1024 | 1/1024 — — 
10692 | —- | = — 1/2048 -- 
(Pseudomonas solanacearum) | | | 











1 The dash signs indicate a negative reaction at lowest dilution of serum tested 
(1/8). 

2 Highest dilution of serum showing agglutination. 

3 Pseudomonas solanacearum antiserum control. 

‘ Normal rabbit-serum control. 


TABLE 3.—In vitro sensitivity of the 3 strains of Xanthomonas 
vesicatoria to 8 antibiotics 














| | Strains! 
a | Coneen(micrograms) | i Isolate Isolate 
| No. 98 No. 11551 No. 422 
Ee ee ery | 
Aureomycin | 5, 10, 30 | VS | Vs VS 
Chloromycetin | 5, 10, 30 | VS | VS s 
Streptomycin 2, 10, 100 | § | VS Ss 
Dihydrostreptomycin 2, 10, 100 S | VS VS 
Neomycin | 5, 10, 30 ss | Ss Ss 
Polymyxin 5, 10, 30 ; VS VS VS 
Terramycin 5, 10, 30 | VS | Vs VS 
Tetracycline 5, 10, 30 | vs | VS Vs 








1 Sensitivity of cultures to antibiotics recorded as follows: VS = very sensitive, 
zone of growth inhibition around 3 concentrations of antibiotic; S = sensitive, in- 
hibition around high and intermediate concentrations; SS = slightly sensitive, 
inhibition around high concentration only. 


The results of comparative studies as to action on gelatin, “sugars’’, 
nitrate, production of ammonia, ete., appear in table 1. It may be seen 
that the three cultures reacted alike except in their ability to hydrolyze 
starch, which isolate No. 98 failed to do. However, it has been reported 
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previously that strains of X. vesicatoria differ in their ability to hydrolyze 
starch (7). 

The serological (agglutination) tests performed with type cultures Nos. 
422, 11551, and isolate No. 98 also gave further evidence of the close sim- 
ilarity between the three cultures. The type cultures and No. 98 were 
agglutinated equally by any of the antisera prepared against the individual 
cultures to a titer of 1/512-1/1024. No agglutination was observed in any 
of the dilutions of the Pseudomonas solanacearum antiserum or normal 
rabbit serum used as controls (table 2). Further, cross-absorption experi- 
ments with the three cultures and their antisera (4) gave additional evi- 
dence of the serological identity of the cultures. 

The results of the antibiotic-sensitivity tests with the three cultures 
showed a close similarity in their reaction to the various antibiotics. There 
were only slight differences in their reaction to chloromycetin, streptomycin, 
dihidrostreptomycin, and neomycin. These results are recorded in table 3. 


SUMMARY 
Tomato fruit lesions highly suggestive of bacterial scab yielded a motile, 
gram-negative, capsulated bacillus, forming wet, yellow colonies on nutrient 
agar. Pathogenicity tests on tomato as well as physiological, biochemical 
and agglutination tests identified the organism as Xanthomonas vesicatoria. 
RESUMEN 
Un bacilo mévil, negativo al tinte de Gram, capsulado, que forma colo- 
nias amarillas de consistencia himeda en agar nutritivo, se logr6 aislar de 
lesiones en tomates muy sugestivas de la mancha bacteriana del tomate. 

Por medio de pruebas de patogenicidad en tomates, al igual que por el 

estudio de las reacciones fisiolédgicas, bioquimicas y serolégicas (aglutina- 

cidn), se probé que este organismo es una estirpe del Xanthomonas vesica- 
toria. 
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Effects of Ionizing Radiations on Germination of 
Seed and Morphology of Seedlings of Puerto 
Rican Coffee, Coffea arabica L.' 


Tara Singh-Dhaliwal and Antbal Torres-Sepilveda? 
INTRODUCTION 

Several well-known varieties of Coffea arabica L., such as Caturra, Cera, 
Maragogipe, and Semperflorens, originated as natural mutants (4).* There- 
fore, a continuous and intensive search for new beneficial natural coffee 
mutants is an important phase of our coffee-breeding project (7). However, 
as the spontaneous mutation rate is extremely low, only a small number of 
natural mutants has been encountered over a long period of careful search. 

It is generally recognized that the mutation rate in plants, as well as in 
other living organisms, can be greatly increased by ionizing radiations. 
Consequently the probabilities of obtaining new desirable mutants are also 
higher. 

Since 1957 experiments for producing beneficial mutants through irradia- 
tion of seed of Puerto Rican coffee have been in progress. This paper is a 
brief account of the results of these experiments as they concern the effects 
of ionizing radiations on the germination of the seed and morphology of 
their seedlings. 


REVIEW OF LITERATURE 


Carvalho (1) and Carvalho, and Antunes Filho and Nogueira (2), on treat- 
ing seed of several Arabica-type coffee varieties and their hybrids with 
X-ray doses of 4,200 to 150,000 r, found that the seed treated with more 
than 25,000 r started germination but the young seedlings did not grow 
further. They also reported that most of the radiation-induced coffee mu- 
tants were sterile and had abnormal leaves and branching habits. 


1 This investigation was carried on under the Federal-Grant Research Project 
Hatch 74, Coffee Breeding in Puerto Rico. 

* Associate Plant Breeder and Research Assistant, respectively, Agricultural Ex- 
periment Station, University of Puerto Rico, Rio Piedras, P.R. The authors are 
very grateful to Thomas S. Osborne, Associate Scientist, UT-AEC, Agricultural 
Research Laboratory, Oak Ridge, Tenn., for irradiating the coffee seed lots; to Pedro 
L. Meléndez, Research Assistant, and other personnel of the Castafier Substation of 
the Agricultural Experiment Station, University of Puerto Rico, for their coopera- 
tion during the course of this investigation, and also to J. Vélez-Fortufio Head, Plant 
Breeding Department, Agricultural Experiment Station, University of Puerto Rico, 
Rio Piedras, P.R., for carefully reviewing the manuscript. 

* Italic numbers in parentheses refer to Literature Cited, p. 318. 
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Moh and Orbegoso (6), on treating seed from a single tree of Typica 
variety Coffea arabica with gamma-ray doses of 2,500 to 20,000 r, reported 
that doses of 2,500 to 5,000 r seemed to stimulate plant growth slightly 
while doses higher than 10,000 r began to inhibit plant growth. They also 
described several kinds of morphological abnormalities exhibited by the 
coffee seedlings obtained from irradiated seed. 

As recently reviewed by Smith (8) and Desrosier and Rosenstock (3) 
radiations have been used by many research workers on a large number of 
plants of economic importance for producing new useful mutants. Conse- 
quently, new mutants of commercial value of several crops, such as barley, 
bean, mustard, pea, peanut, and others, have been produced. 


MATERIALS AND METHODS 


Coffee seed used in the present investigation were collected from individ- 
ual tree selections of Puerto Rican coffee. The moisture contents of seed 
from different selections generally varied from 14 to 18 percent. 

The seed in parchment were treated with different doses of gamma rays 
and neutrons at the UT-AEC Agricultural Research Laboratory at Oak 
Ridge, Tenn. 

The seed were sown in loose media in flats under lath shade or in the 
greenhouse. After several months, when it seemed that all the viable seed 
had germinated from each treatment, data were collected as to the number 
of seed germinated, height of seedlings, and general morphological abnor- 
malities exhibited by the seedlings. 

The seedlings were planted in a nursery on the ground or in soil-filled 
plastic bags for up to a year. They were planted in the field under about 
50-percent natural shade at the Agricultural Experiment Substation of the 
University of Puerto Rico, located at Castafier, P.R. 


RESULTS 


GERMINATION OF SEED 


Many of the seed lots irradiated with gamma-ray doses of 1,000 to 7,000 
r had germination percentages higher, and others lower than those of the 
corresponding control seed lots. However, all the seed lots irradiated with 
gamma-ray doses of 8,000 to 20,000 r had relatively lower germination 
percentages. The decrease in their germination percentages was approxi- 
mately in direct proportion to the strength of the radiation dose applied. 
The seed lots irradiated with gamma-ray doses higher than 20,000 r did 
not germinate. 
One of the seed lots irradiated with the neutron dose of 1 hour had a 
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3-percent germination. However, all the other seed lots irradiated with the 
same or higher neutron doses did not germinate. 

The coffee selections showed variability as to germination percentages 
of their control seed lots and those treated with different doses of radiation 
(table 1). 


TABLE 1.—Effect of gamma rays and neutrons on the germination of seed lots of 
individual tree selections of Puerto Rican coffee, studied at the Agricultural 
Experiment Station, Rio Piedras, and at the Agricultural Experiment 

Substation, Castaier, P.R., 1957-60 
Percentage of seed germinated by indicated selections! 
| Coffee Coffee Coffee | Coffee Coffee 
\selection 268|selection 444 selection 1 | selection 2 | selection 5 


Radiation doses 


Control | 62.00 74.00 26.50 | 41.50 44.50 
1,000 r gamma rays 570 r/minute 54.00 81.00 = — -- 
2,000 r gamma rays 570 r/minute 42.00 91.00 = — 
3,000 r gamma rays 570 r/minute 78.00 89.00 — — a 
4,000 r gamma rays 570 r/minute 73.00 73.00 — _ 


5,000 r gamma rays 570 r/minute — 65.00 76.00 = | - ; o— 
6,000 r gamma rays 570 r/minute 65.00 79.00 — _ 
7,000 r gamma rays 570 r/minute 82.00 75.00 


8,000 r gamma rays 570 r/minute 61.00 59.00 

9,000 r gamma rays 570 r/minute 38.00 41.00 - 

10,000 r gamma rays 570 r/minute 26.00 37.00 — — 
10,000 r gamma rays 721 r/minute - : 23.00 15.00 
20,000 r gamma rays 721 r/minute 2.00 8.00 
30,000 r gamma rays 721 r/minute a 

40,000 r gamma rays 721 r/minute — - — — | — 
50,000 r gamma rays 721 r/minute — 
Neutrons, 1 hour — | — 3.00 
Neutrons, 2 hours - 
Neutrons, 3 hours - | = | - fo o— 
Neutrons, 4 hours — | — — — |; — 
Neutrons, 5 hours — — — — 


| 


' Each of the control or untreated seed lots had 200 seed and each of the irradiated 
seed lots had 100 seed. 


HEIGHT OF SEEDLINGS 
The seedlings from the seed lots of Puerto Rican coffee selection 268, 
when irradiated with gamma-ray doses of 1,000 to 5,000 r were on the 
average higher than those from the control seed lot. However, the seedlings 
of this selection from seed treated with gamma-ray doses of 6,000 to 10,000 
r had relatively lower average heights. 
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The seedlings from the other Puerto Rican coffee selections, z.e., from 
seed lots irradiated with gamma rays and neutrons, were relatively lower 
in average height than the seedlings from the control lots. In general, the 
decrease in average height of the seedlings was in direct proportion to the 
strength of the radiation dose applied (table 2). 


seedlings of individual tree selections of Puerto Rican coffee studied at the 
Agricultural Experiment Station, Rio Piedras, and the Agricultural 
Experiment Substation, Castaner, P.R., 1957-60 


TABLE 2.—Effect of seed irradiation with gamma rays and neutrons on the height of 


Average height of seedlings of indicated selections in 
centimeters 
Radiation doses 
Coffee Coffee Coftee Coffee Coffee 
selection 268 selection 444. selection 1 selection 2— selection 5 


Control 12.81 18.34 9.66 12.54 11.09 
1,000 r gamma rays 570 r/minute 15.93 17.14 

2,000 r gamma rays 570 r/minute 12.90 14.22 

3,000 r gamma rays 570 r/minute 15.87 15.56 

4,000 r gamma rays 570 r/minute 15.26 14.03 

5,000 r gamma rays 570 r/minute 13.20 13.08 

6,000 r gamma rays 570 r/minute 12.72 12.06 

7,000 r gamma rays 570 r/minute 12.38 12.40 

8,000 r gamma rays 570 r/minute 8.98 9.86 

9,000 r gamma rays 570 r/minute 7.05 8.39 

10,000 r gamma rays 570 r/minute 6.23 5.24 

10,000 r gamma rays 721 r/minute 7.94 10.23 1.25 
20,000 r gamma rays r/minute 3.00 5.12 

r/minute 


40,000 r gamma rays r/minute 

50,000 r gamma rays r/minute 

Neutrons, 1 hour 3.83 
Neutrons, 2 hours 

Neutrons, 3 hours 

Neutrons, 4 hours 

Neutrons, 5 hours 


21 

721 

30,000 r gamma rays 721 
721 

721 


GENERAL MORPHOLOGICAL ABNORMALITIES 
In the seedling populations from the irradiated seed lots there were seed- 
lings which appeared to be normal and also some which exhibited various 
kinds and degrees of morphological abnormalities. In general, the frequency 
of abnormal plants and the extent of abnormalities increased in direct 
proportion to the strength of the radiation dose applied to the seed lots. 
Leaf abnormalities, such as reduction in overall size; narrowing, thicken- 
ing, and curling of lamina; distorted venation, variegation, chlorosis, and 
so on, were exhibited by many of the seedlings from irradiated seed. 
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Some seedlings from irradiated seed were of extremely reduced height. 
They had very short internodes and produced very few small-sized primary 
lateral branches. Some seedlings also exhibited stem fasciation. 

A plant of a very reduced size bearing narrow and elongated leaves ap- 
peared among the seedlings from a control seed lot. Seedlings similar to it 
have also often been observed arising from untreated seed lots sown in 
many other experiments. Morphologically, they resembled many of the 
abnormal seedlings from irradiated seed (figs. 1 and 2). 
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Fig. 1.—Seedlings of Puerto Rican coffee from untreated and treated seed: A, 
Untreated; B, 5,000 r gamma rays; C, 6,000 r gamma rays; D, 7,000 r gamma rays; 
kK, 9,000 r gamma rays; F, 10,000 r gamma rays. 


Many of the morphologically abnormal seedlings died before they were 
1 year old. However, some of: them survived longer. Several of them are 
growing well in the field and are expected to bear fruit within about a year. 

DISCUSSION 

The data on the effects of radiation on germination of coffee seed, height 
of seedlings, and general morphological abnormalities, show trends similar 
to those reported by other coffee research workers (/,2,6). 

The results from the irradiation of seed lots of different coffee selections 
are not quite consistent. This may be because of the differences in their 
genetic constitution, moisture content, age, kind of radiation, and so on 
(4). 


Some of the effects of radiation on coffee seedlings seem to be temporary. 
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However, others appear to be of permanent nature, resulting from muta- 
tions. Thus it is necessary that the coffee seedlings from irradiated seed be 
studied up to their maturity to understand the nature of effects of different 
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7,000 r gamma rays; B, from untreated seed. 


kinds. It will also be necessary to test the seedling progenies of some of the 
mutants to find out whether the new characters exhibited by them can be 
transmitted through seed. 

In the present investigation all kinds of new coffee mutants are being 
studied intensively. However, there is special interest in mutants causing 
alternations or changes in the leaves of the coffee plants. 

All the Arabica-type coffee varieties commercially grown in Puerto Rico 
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are severely damaged by the leaf miner, Leucoptera coffeella Puer. None of 
the Arabica-type coffee varieties and selections in our coffee germ-plasm col- 
lection is resistant to the leaf miner. However, Coffea stenophylla is immune 
and C. excelsa is highly resistant to the leaf miner. These coffee species have 
been crossed with Arabica-type coffee varieties and many hybrids are under 
study. However, interspecific hybridization has many limitations. There- 
fore, to supplement this approach, it seems justified to screen a large number 
of Arabica-type coffee seedlings from irradiated seed in order to find possible 
mutants with leaves like those of C. stenophylla and C. excelsa, and thus 
resistant to leaf miner attack. Such coffee mutants might prove very useful 
for developing Arabica-type coffee varieties resistant to the leaf miner and 
also otherwise desirable for commercial production in Puerto Rico. 


SUMMARY 


Seed lots from five individual tree selections of Puerto Rican coffee, 
Coffea arabica L., were irradiated with gamma-ray doses of 1,000 to 50,000 
r, and neutron doses of 1 to 5 hours. 

Gamma-ray doses of 1,000 to 7,000 r raised the germination percentages 
of many of the seed lots and reduced those of others. 

Gamma-ray doses of 8,000 to 20,000 r reduced the germination percent- 
ages of all the seed lots approximately in direct proportion to the strength 
of the dose. 

Gamma-ray doses higher than 20,000 r completely inhibited the seed 
germination of all the seed lots. 

One of the seed lots had a 3-percent germination when treated with a 
neutron dose of 1 hour. All the other seed lots treated with neutrons failed 
to germinate. 

Gamma-ray doses of 1,000 to 5,000 r raised, and the higher doses lowered 
the average heights of the seedlings from the seed lots of Puerto Rican 
coffee selection 268. However, the radiations reduced the average heights 
of the seedlings from the seed lots of all other coffee selections in approxi- 
mately direct proportion to the strength of the dose. 

Many seedlings from irradiated seed had abnormal leaves, branches, 
internodes, and so on. The frequency of abnormal plants and the degree 
of abnormality generally increased as the strength of the radiation dose in- 
creased. 

RESUMEN 

Lotes de semilla de cinco selecciones individuales de Arboles de café Puerto 
Rico, Coffea arabica L., se irradiaron con rayos gamma en désis de 1,000 a 
50,000 r y con désis de neutrones por espacios de 1 a 5 horas. 

Las désis de rayos gamma de 1,000 a 7,000 r subieron los porcentajes de 
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germinacién de muchos de los lotes de semilla y redujeron los de los res- 

tantes. 

Las désis de rayos gamma de 8,000 a 20,000 r redujeron los porcentajes 
de germinacién de todos los lotes de semilla, aproximadamente en propor- 
cién directa a la fuerza de las désis. 

Las désis de rayos gamma en mayor intensidad que de 20,000 r, completa- 
mente inhibieron la germinaci6én de todos los lotes de semilla. 

Uno de los lotes tratado con una désis de neutrones por una hora tuvo 
una germinacién de 3 por ciento. Los otros lotes tratados con neutrones no 
germinaron. 

Las désis de rayos gamma de 1,000 a 5,000 r aumentaron y las de mayor 
intensidad redujeron el promedio de altura de las plantitas de los lotes de 
semilla del café Puerto Rico, seleccién 268. Sin embargo, las radiaciones 
redujeron el promedio de altura de los lotes de semilla de todas las otras 
selecciones, aproximadamente en proporcién directa a la fuerza de las 
désis. 

Muchas de las plantitas de semilla irradiada desarrollaron hojas, ramas 
y entrenudos anormales. La frecuencia de las plantas anormales y los grados 
de anormalidad generalmente aumentaron cuando se aumenté la fuerza de 
las radiaciones. 
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Air-Flotation, Pneumatic Conveying Velocities, 
and Airflow Relationships for Coffee 
Fruits and Coffee Beans' 


Adolfo Eschenwald and Carl W. Hall? 


INTRODUCTION 


The world’s coffee production and consumption show considerable steady 
increases (9)°. (See table 1). Much research has been done on varieties and 
cultural practices. Very little basic information is available on the physical 
properties that could be used for handling and processing. Coffee is a prod- 
uct that requires considerable handling and processing on the farm before 
it is ready for the market. 

The specific objectives of this study were: 

1. To determine the air velocities required for flotation and pneumatic 
conveying of the product. 

2. To determine the air-pressure drop per foot depth of the product dur- 
ing different stages of processing. 


REVIEW OF LITERATURE 


AIR FLOTATION AND PNEUMATIC CONVEYING 


The Sturtevant Division of Westinghouse Corp. (8) developed air ve- 
locities and air-volume conveying curves for general conditions based on 
the bulk density of the material. The Grain Storage Laboratories, U. S. 
Department of Agriculture, (10) worked out air velocities required to cause 
loose grain to move along the bottom of ducts. 

Madison (3) published some generally used conveying velocities. The 
conveying velocity was directly related to the bulk density of the product. 
He found that lower velocities were needed to convey material in a vertical 
pipe than in a horizontal one. In a horizontal pipe low velocities permit a 
separation of the material from the air stream. 

Rice (4) found that particles with dimensions approaching spheres or 
cubes required the greatest velocity for conveying. 


1 Based on Adolfo Eschenwald’s Some Basic Properties of the Coffee Fruit and 
Coffee Beans, a thesis for M.S. degree, Department of Agricultural Engineering, 
Michigan State University, East Lansing, Mich., 1959. 

* The authors, Adolfo Eschenwald and Carl W. Hall, are, respectively, Agricul- 
tural Engineer and Associate Professor in charge of Lajas Substation (formerly 
graduate student, Michigan State University), and Professor, Agricultural Engineer- 
ing, Michigan State University, East Lansing, Mich. 

® Italic numbers in parentheses refer to Literature Cited, p. 331-2. 
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TABLE 1.—World green-coffee production and exportable 
production in 1,000 bags! 1954-59 

















| \Percen- 
Production in— ‘Percentage ‘8° in- 
Continent | | of total geod 
_ production 4 vil ee 
| | in tosg) |aucHon 
| 1954-55 | 1955-56 | 1956-57 | 1957-58 | 1958-592 | Hey 
| | | 
World green-coffee production 
North America? 7,489 7,823 | 7,750 | 8,575 | 8,525 | 14.5 14 
South America‘ 26,022 | 31,575 | 26,040 | 32,780 | 37,980 | 65.0 46 
Afriea® 7,112 | 8,749 | 8,775 | 8,600; 9,560) 16.3 34 
Asia and Oceania® ile 565 | | 2,201 2,625 | 2,590 | 2,590 | 4.2 59 
i | | | | : 
Total world production | 42,188 | 50,348 | 45,190 | 52,545 | 58,655 | 





World green-coffee exportable production 





North America? 5,437 | 5,779 | 5,830) 6,580| 6,615 
South America‘ | 20,984 | 28,286 | 18,475 | 28,025 | 33,745 
Africa’ 6,839 | 8,395 8,330) 8,140/ 9,095 | 
Asia and Oceania® 662 | 1,167 | 1,787 | 1,685 | 1,590 | 








33,922 | 43,617 | 34,372 


| } | 
| | 


Total world exportable 


44,380 | 51,045 | 
production? | 





1 132.276 lb. each. 

2 Estimated. 

3 Major producers: Costa Rica, Cuba, Dominican Republic, El Salvador, Guate- 
mala, Haiti, Honduras, Mexico, and Nicaragua. Minor producers: Hawaii, Guada- 
lupe, Jamaica, Panama, Puerto Rico, and Trinidad. 

4 Major producers: Brazil, Colombia, Ecuador, Peru, and Venezuela. Minor pro- 
ducers: Bolivia, British Guiana, Paraguay, and Surinam. 

5 Major producers: Angola, Belgian Congo, Cameroun, Ethiopia, French West 
Africa, Kenya, Madagascar, Tanganyika, Togo, and Uganda. Minor producers: 
Cape Verde, Ghana, French Equatorial Africa, Liberia, Nigeria, Sao Tome, Sierra 
Leone, and Spanish Guinea. 

6 Major producers: India, Indonesia, and Yeman. Minor producers: New Cale- 
donia, New Hebrides, North Borneo, Philippines, Portuguese Timor, and Vietnam 

7 The United States is the major coffee importer with a total of 2,761,190,000 
pounds imported in 1957, which had a cash value of 1,375,736,000 dollars. World per- 
centage exportable production was 87. 


AIRFLOW RELATIONSHIPS 


Henderson (2) determined and evaluated the airflow relationships for 
shelled corn. Information was needed for the design of natural and mechani- 
cal ventilating and drying systems. The results of the tests were mathe- 
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matically expressed and the basic formula for clean shelled corn was devel - 
oped as follows: 
Q = KP« 

where 

( = cubic feet per minute (c.f.m.) of air per square foot 

K = function of depth of grain 

c = slope of the curve 

P = pressure drop in inches of water 





Fig. 1.—Equipment used for airflow-relationship studies. 


Shedd (5) conducted some experiments on the resistance of ear corn to 
airflow. Airflow rates of 10, 20, 30, 40, 50, 60, and 70 c.f.m. per square foot 
were used. A pitot-tube installation was used to measure the airflow. Data 
plotted on logarithmic scale with airflow, Q, versus static pressure, P, 
resulted in a straight line. 

Shedd (6, 7) reported data on the resistance of grain to airflow. He 
found that the general slope of the curve is greater for fine than for coarse 
material. If the material is fine the above-mentioned formula will fit the 
curve for only a narrow range of airflow rates. 
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PROCEDURE 
AIR FLOTATION AND PNEUMATIC CONVEYING 


The air-flotation velocities were determined for the green and ripe fruits, 
fresh pulp, and pulped washed wet coffee beans. A pitot-tube installation 
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Fie. 2.—Pressure drop through orifice (inches of water): 
L = 0.90 D [1 — (d/D)?] Q = 4,005 C A V/p 


was used to measure the air velocity. The pressure difference (P2 — [;) 
between the static pressure tap and the impact pressure tap was measured 
with an inclined tube manometer (type-C micromanometer). The air was 
supplied by a type P, electrically powered 14 hp., 3,400-r.p.m. fan, manu- 
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factured by the Electric Ventilating Co. The air velocity for flotation was 
determined for 50 samples in each case, taking the average of 5 readings. 
Flotation velocities were calculated in feet per minute (f.p.m.), using the 








0.905 
0.86- 
0.84- 
0.80% 
® 
2 0.76 
ca 
o 
> 
ol 
= 4,005 CA h 
0.72- Q = 4,005 CA BA 
Q = C.F.M. 
C = Coefficient of Discharge 
0.68- A2/,. = Ratio of Orifice to 
ee. | Pipe Diameter 
h = Inches of Water 
0.644 A) = Area of Pipe (Square Inches) 
Ad = Area of Orifice (Square Inches) 
-* 
0 0.1 0.2 0.4 0.6 0.8 





Fic. 3.—Coefficient of discharge C for an 0.5-inch vena-contracta orifice in a 3-inch 
pipe. (From Fan Engineering Handbook (3)). 


pitot-tube formula (Eckman, /) adjusted for the room air conditions. The 
conveying air velocity was figured by adding 30 feet per second, (f.p.s.) or 
1,800 f.p.m. to the flotation velocity. 
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TABLE 2.—Average air velocities for conveying coffee fruits, pulp, and beans 


























| | ls 
: P f Flotati Conveus } Bulk | Sturtevant 
Material mart | gmset | Sacseet | amatie | comers 
|| Fhf/min. | Ft.fmin, | Ft./min, | Ft./min. 
Green fruits | 0.881 3, 883 5,683 | 37.54 | 5,600 
Ripe fruits | 910 | 3,950 | 5,750 37.24 | 5,550 
Fresh pulp .572 3,125 4,925 15.48 4,100 
Pulped washed beans . 786 3,655 5,455 
1 Calculated by formula 4,140./h’. 
2 Flotation velocity + 1,800 f.p.m. 
3 From specific gravity determinations. 
4 From Sturtevant conveying curve. 
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Fic. 4.—Average velocities and air volumes for conveying material. Reproduced 


by permission of the Sturtevant Division, Westinghouse Corp. 


The basic equation for a pitot-tube fluid velocity measurement is as 


follows: 
V = Co V (dm — ds)v V 2gh 
V_ = Velocity of flowing fluid in feet per second 
Cyt = Velocity coefficient, a constant, aproximately 1 
d, = Density of manometer fluid in pounds per cubic foot 
d; = Density of fluid over the manometer fluid in pounds per cubic 


foot 


Specific volume of the flowing gas in cubic feet per pound 
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II 


g Acceleration due to gravity in feet per second per second 
h Manometer differential in feet 
Since C,, = Approximately 1 d,, = 62.4 
d; =0 g = 32.2 
Then 


V = —/ (62.4) (64.4)vh 
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Fig. 5.—Resistance of ripe coffee fruit to airflow. 


As the manometer differential is measured in inches of water, let 
h = h’/12 


/ (62.4) (64.4)vh’ ceecesaatars 
V = W/ (62.4) (64.4)vh" _ /334.20h’ 


12 


Using v = 14.5 


V = V(334.2)(14.5)h’ 
V = 69 Vn’ in f.ps. 
v = 4,140 Vh’ in f.p.m. 
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Fic. 6.—Resistance of parchment coffee at percentage moisture contents indicated 
to airflow: A, Washed wet coffee beans; percentage moisture, wet basis, 55.6 at be- 
ginning and 53.5 at end of test. B, Washed coffee beans; percentage moisture, wet 
basis, 52.0 at beginning and 49.1 at end of test. C, Washed coffee beans; percentage 
moisture, wet basis, 45.4 at beginning and 45.0 at end of test. D, Dried coffee beans; 
percentage moisture, wet basis, 13.3 at beginning and 11.7 at end of test. See p. 327 
for remainder of fig. 6. 


The generally accepted pneumatic conveying velocity is the flotation air 
velocity plus from 30 to 50 f.p.s. Taking the experimental value obtained 
for ripe coffee as an example and applying the simplified pitot-tube formula 
the result is as follows: 


4,140 Vh’ = 4,140 V/0.910 ; 


= 3,950 flotation velocity in f.p.m. 
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The conveying velocity then is equal to the flotation velocity (3,950 
f.p.m.) plus 1,800 f.p.m. added for conveying as explained above. 
AIRFLOW RELATIONSHIP 


The resistance of coffee to airflow was determined for green fruits, ripe 
fruits, washed wet parchment-coffee beans (55.6- to 53.5-percent moisture, 


so] C 





Airflow (C.F.M. Per Square Inch) 
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Fia. 6.—C and D 


wet basis); partly dried parchment coffee (52.0- to 49.1-percent moisture, 
wet basis and 45.4- to 45.0-percent moisture, wet basis); and dried parch- 
ment coffee (13.3- to 11.7-percent moisture content, wet basis.) 

A centrifugal radial-flow, electrically powered fan was used to supply 
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the air. The outlet of the fan was connected to an airtight plywood box 
which provided a uniform steady flow. Sliding gates at the inlet and outlet 
of the box regulated the desired flow. From this box the air passed into a 


Airflow (C.F.M. Per Square Inch) 


200 + 


100 7 
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Fic. 7.—Resistance of green coffee fruit to airflow. 
TABLE 3.—Resistance of ripe coffee fruits to airflow 
| Pressure drop at indicated inches of water 
Airflow 
(c.f.m./sq. ft.) 
| 1 ft. 2 ft. | oh. 4 ft. 
46 | 0.170 0.354 | 0.530 0.680 
58 264 562 | 842 | 1.075 
84 .496 970 | 1.250 | 1.850 
103 | .657 1.378 | 2.067 | — 2.630 
112 .761 1.590 2.385 | 3.043 








smaller box that served as the base for the coffee holding tower. The tower 
consisted of a 3-inch inside-diameter pipe 5 feet long. A screen was soldered 
to the lower end to hold the product and taps were provided at 1-foot in- 
tervals. A vena-contracta, orifice-type meter was used to measure the air- 


flow (fig. 1). Airflow rates varying from 10 to 70 c.f.m. per square foot were 
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TABLE 4.—Resistance of washed wet parchment coffee beans to airflow’ 
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Pressure drop at indicated inches of water 



























Airflow 
(c.f.m./sq. ft.) 
1 ft. 2 ft. 3 ft. 4 ft. 

11.0 0.067 0.136 0.204 0.268 
14.0 105 . 208 .312 .418 
20.0 188 .378 .567 754 
30.0 339 .677 1.015 1.340 
45.0 .508 1.014 1.521 2.032 
60.0 .760 1.607 2.411 3.240 













1 Immediately after washing: Percentage moisture, wet basis, at beginning of test 


55.6, and at end of test 53.5. 


TABLE 5.—Resistance of washed parchment coffee beans to 
airflow at 52- to 49.1-percent moisture, wet basis! 









Pressure drop at indicated inches of water 

























Airflow 
(c.f.m./sq. ft.) 
1ft. 2 ft. St 4 ft. 

11.0 0.058 0.107 0.175 0.220 
21.7 . 146 . 293 -440 .585 
31.3 . 259 .532 .796 1.025 
40.7 .386 765 1.147 1.535 
48.0 .467 .943 1.415 1.870 
67.5 683 1.354 2.031 2.733 
72.0 Brig 1.537 2.305 3.080 


















1 Air-dried for 6 hours: Percentage moisture, wet basis, at beginning of test 52.0, 
and at end of test 49.1. 


TABLE 6.—Resistance of washed parchment coffee beans to airflow at 
45.4-percent moisture, wet basis! 









Pressure drop at indicated inches of water 



















Airflow 
(c.f.m./sq. ft.) 
1 ft. 2 ft. 3 ft. 4 ft. 

11.0 0.086 0.165 0.250 0.335 
21.7 .196 393 .590 785 
31.3 .326 .643 .965 1.305 
40.7 456 .910 1.435 1.825 
48.8 .556 1.102 1.653 2.225 
60.6 . 782 1.560 2.340 3.130 






















1 Air-dried for 24 hours: 
and at end of test 45.0. 


Percentage moisture, wet basis, at beginning of test 45.4 
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used. The airflow rates were calculated from airflow pressure-drop curves 
and also from data provided by Fan Engineering Handbook. (See figs. 2 
and 3). 

RESULTS AND DISCUSSION 


The data obtained for flotation and conveying velocities are presented in 
table 2. The values calculated with the formula applied to the results ob- 


TABLE 7.—Resistance of dried parchment coffee beans to airflow! 





' Pressure drop at indicated inches of water 
Airflow 
(c.f.m./sq. ft.) 








ih, | 2h. 3 ft. | 4 ft. 
15 | 0.111 0.220 0.330 | 0.443 
21.7 | .180 .363 .534 .730 
31.3 .305 .607 | .910 1.220 
40.7 .420 .837 1.255 | 1.680 
48.8 .536 1.082 1.622 2.145 


60.6 741 1.476 2.214 2.965 








1 Air-dried for 10 days: Percentage moisture, wet basis, at beginning of test 13.3, 
and at end of test 11.7. 


TABLE 8.—Resistance of green coffee fruits to airflow 





: Pressure drop at indicated inches of water 
Airflow 
(c.f.m./sq. ft.) 





1 ft. 2 tt. 3 ft. 4 ft. 





46 | 0.102 | ~—0.204 0.306 | 0.418 
62 170 | 332 .497 | .680 
84 276 536 . 804 | 1.104 
103 .382 .746 | .940 | 1.530 
118 495 962 | 1.442 1.980 


133 601 1.168 1.752 2.405 





tained in the tests are very close to the values obtained by using the Sturte- 
vant air conveying curve developed by Westinghouse Corp. (8) (fig. 4). 
Tables 3 to 8 and figures 5 to 7 show the results obtained for the resist- 
ance of coffee fruits and coffee beans to airflow. Ripe coffee fruits offer a 
higher resistance to airflow than the green fruits. This must be taken into 
consideration in ventilating or cooling a batch of mixed or partly ripe 
fruits. In the washed parchment beans the higher the moisture content, the 
higher the resistance to airflow. Driers must be designed on the maximum 
resistance to take care of the initial drying period. 
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SUMMARY 


Air-flotation and -conveying velocities for coffee fruits, pulp, and beans 
determined and calculated using the pitot-tube formula, under normal air 
conditions, compare favorably with values in work done with other crops 
and fit closely in the Sturtevant pneumatic conveying curve developed by 
Westinghouse (8). Air-conveying velocities of 5,683, 5,750, 4,925, and 5,455 
feet per minute were obtained for green fruits, ripe fruits, pulp, and pulped 
washed beans, respectively. Ripe coffee fruits offer a higher resistance to 
airflow than the green ones. The higher the moisture content in parchment 
coffee the higher the resistance to airflow. A straight-line relationship re- 
sults when the static pressure, in inches of water, is plotted logarithmically 
versus the airflow for coffee fruits and beans. 


RESUMEN 

Las velocidades necesarias para la flotacién y el transporte por corriente 
de aire de las cerezas, la pulpa, y granos del café, determinadas y caleuladas 
seguin la f6rmula del tubo de Pitot bajo condiciones normales de aire, com- 
paran favorablemente con los resultados obtenidos para otros productos y 
se aJustan estrechamente a la curva de Sturtevant desarrollada por West- 
inghouse (8). Las velocidades que se obtuvieron para las cerezas verdes, las 
cerezas maduras, la pulpa y el café despulpado y lavado fueron de 5,683, 
5,750, 4,925, y 5,455 pies por minuto, respectivamente. 

Las cerezas maduras ofrecen una mayor resistencia al flujo de aire que 
las cerezas verdes. En el caso del café pergamino, a mayor contenido de 
humedad, mayor es la resistencia al flujo de aire. Al trazar en una grafica 
logaritmica los valores de presién estatica en pulgadas de agua contra los 
valores correspondientes de velocidades de aire, se obtiene una relacién 
rectilinea tanto en el caso de las cerezas como en el café pergamino. 
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Notes and Records of Little-Known Species 
of Birds from Puerto Rico! 


Francis J. Rolle? 


INTRODUCTION 


The purpose of this paper is to review the ornithological notes and records 
covering little-known species of birds from Puerto Rico, past and present, 
and to put them into one publication. For years much of this information 
has been scattered through a number of books, journals, and printed and 
unpublished notes. Many of these works are now out of print and others 
are scarce and difficult to obtain. Hence it seemed logical that the result 
would be of use to all students of West Indian ornithology if these bits of 
information could be bound together into one paper. 

A number of birds that are considered in this report are endemic to the 
Island. In some cases there is the possibility that they have become extinct. 
Species that are now extinct, and have been for a number of years, will 
not be considered here, nor will birds known only from fossil records be in- 
cluded. Many sight records, some carrying more weight than others, are to 
be found throughout the literature, and a good number have been included 
in this paper. These, however, must be looked upon as hypothetical listings 
for lack of more valid information concerning the respective species. 

The author has been in residence in Puerto Rico for the past 7 years and 
has devoted much of his time to studying the birds of the Island. He wishes 
gratefully to acknowledge the many informative hours spent in discussion 
with Dr. Virgilio Biaggi, Jr., who so willingly gave of his knowledge of the 
birds of the Island. Dr. Biaggi has made available to the author his manu- 
script on the Island birds which will soon be in print. According to data 
contained in this manuscript, the total number of birds now known from 
the Island is 236 species. These are broken down into: 108 resident, 79 
migrants, and 49 of doubtful status. 

In the following annotated list, there are a number of outstanding records. 
A few of these are represented by skins in the avian collection of the De- 
partment of Biology, University of Puerto Rico, Mayagiiez, P.R. Others are 
deposited in museums of much larger status throughout the New World 
and in Europe. 


' Contribution of the Institute of Caribbean Studies, University of Puerto Rico, 
Mayagiiez, P.R. 

* Assistant Instructor, Biology Department, University of Puerto Rico, Mayagiiez, 
P.R. 
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ANNOTATED LIST 


Puffinus griseus (Gmelin), Sooty Shearwater 


This bird has never before been reported from Puerto Rico. Donald S. 
Erdman, Fishery Biologist for the Insular Fish and Game Division, listed 
two sight records in the log of his schooner, “‘May 29, 1954 at 4 p.m., dusky 
brown bird, black bill with a bent tip, 4 miles south of Gudnieca, P.R.” 
Another record reads, ‘“‘October 17, 1959, one gull-sized brown shearwater 
at 10:15 a.m., about 10 miles south of Parguera, P.R.”’ 


Phaéthon aecthereus mesonauta Peters, Red-billed Tropic Bird 


Wetmore (1/5)? mentioned that Cory published notes on various site 
records for this bird in 1888. He received his information from Taylor who, 
no doubt, erroneously identified the yellow-billed species as this one. There 
appear to be no other listings from the Island. 


Sula dactylatra dactylatra Lesson, Blue-faced Booby 
McCandless (13) had sight records off of Desecheo Island, P.R. 





Phalacrocorax olivaceus mexicanus (Brandt), Olivaceous Cormorant 


Danforth (8) sighted this bird at Cartagena Lagoon, P.R., on October _ | 
17, 1924. He did not collect it. 


Ardea occidentalis occidentalis Audubon, Great White Heron 


Wetmore (/5) said that Gundlach reported seeing one specimen at 
Gudnica Lagoon, P.R., in November 1873. There are no other reports from 
the Island. 


Dichromanassa rufescens colorata Griscom, Reddish Egret 

One male was collected along with one female from the Cartagena Lagoon, 
P.R., by José A. Ramos on August 23, 1943. Both skins are in the avian 
collection in Mayagiiez and bear catalog Nos. 136 and 137, respectively. | 
The writer saw one individual in a swampy area near the Rio Culebrinas, 
Columbus Park, Aguadilla, P.R., on September 9, 1956. It was not collected, 


Botarus lentiginosus (Rackett), American Bittern | 

Apparently a migrant straggler to Puerto Rico. Wetmore (15) said that 
Gundlach saw it at Gudnica Lagoon, P.R., in November 1873, and _re- 
corded a skin in Blanco’s collection. On September 23, 1921 Struthers shot 
one in a mangrove thicket that was situated just south ef Boquerén. Dan- 
forth (8) reported a sight record from Cartagena Lagoon, P.R., on Novem- 





3 Italic numbers in parentheses refer to Literature Cited p. 340-1. 
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ber 30, 1923. Barnés (4) reported on one taken (female, No. 855) near 
Anasco, P.R., by Mr. Luis Santos on November 14, 1947. This bird is now 
in the avian collection in Mayagiiez. 


Eudocinus albus (Linnaeus), White [bis 


Wetmore (/5) mentioned a mounted specimen seen by a Dr. Richmond 
about 1900, in the avian collection owned by Dr. Agustin Stahl. There are 
bone fragments known from the Island, (Bond, 7). 


Ajaia ajaja (Linnaeus), Roseate Spoonbill 


McCandless (13) mentioned vague sight records from the Island as well 
as a sight record at sea north of Puerto Rico. Biaggi (5) also listed hypo- 
thetical records. 


Phoenicopterus ruber (Linnaeus), Flamingo 


Wetmore (1/5) mentioned early sight records by Gundlach, Ledru, and 
Hans West. It appears that the last resident bird was killed on Vieques 
Island, P.R., in 1940. It has since been introduced to Magiieyes Island, 
Parguera, P.R., and also at El Comandante race track, in Rio Piedras, 
PR. 


Olor columbianus (Ord), Whistling Swan 


Barnés (3) mentioned one collected at Guanica Lagoon, P.R., by Rafael 
Rivera Esbri on December 16, 1944. The skin was greatly damaged by in- 
sects before it could be taken care of and only the head was preserved. 


Chen hyperborea hyperborea (Pallas), Snow Goose 


Wetmore (1/5) mentioned that a number of reports were given to Gund- 
lach. McCandless (13) reported the snow goose as a casual winter visitant. 


Dendrocygna viduata (Linnaeus), Tree Duck 


Biaggi (5) said that there is no direct evidence to show that this duck has 
ever been recorded from the Island. It appears that bone deposits, as listed 
by Wetmore, being found in Puerto Rico, were those pertaining to another 
species of tree duck. Bond (7) published a correction of this error. 


Dendrocygna autumnalis discolor (Linnaeus), Black-bellied Tree Duck 

This duck is possibly a vagrant straggler to the Island. There are no 
recent records. McCandless (13) called it a, “dubious former resident.” 
Dendrocygna bicolor helva (Vieillot), Fulvous Tree Duck 


The fulvous tree duck was recorded by Biaggi and Rolle (6) in 1960, as 
the first record of this duck from the Island. A specimen is in the avian 
collection in Mayagiiez. 
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Anas platyrhynchus platyrhynchus (Linnaeus), Mallard 


Biaggi (5) stated that three specimens had been collected from the Island, 
but none was preserved for record. McCandless (/3) stated that this duck 
is a casual winter visitant. 


Anas rubripes Brewster, Black Duck 


Biaggi (5) stated that one was taken at Gudnica Lagoon, P.R., by 
Saurille de Ponce. The location of the specimen is unknown. McCandless 
(13) called this duck a casual winter visitant. 


Anas bahamensis bahamensis (Linnaeus), Bahama Pintail 


This duck is a very scarce resident. McCandless (13) stated that, ‘“Ex- 
perienced Puerto Rican hunters have never seen this duck.” The writer 
has a number of sight records from Cartagena Lagoon, P.R., taken in 
November 1958. There are three skins in the avian collection in Mayagiiez. 
These are: A male, No. 183, Cartagena Lagoon, P.R., March 18, 1941, V. 
Biaggi; unsexed skin, No. 211, Anegado Lagoon, P.R., January 14, 1942, 
J. Ramos; and a male, No. 876, Anegado Lagoon, P.R., January 1942, J. 
Ramos. Danforth (12) found this duck to be more common in the small 
islands east of Puerto Rico proper. 


Mareca penelope (Linnaeus), European Widgeon 


McCandless (13) listed a sight record from Cartagena Lagoon, P.R., for 
February 22, 1958. 


Oxyura dominca (Linnaeus), Masked Duck 


This duck is a very rare resident. Barnés (3) said, ‘“The Masked Duck 
has been considered exceedingly rare in Puerto Rico and very few skins of 
this species have been collected.’”’ Wetmore (15) noted that Gundlach saw 
skins in the Stahl collection and also in the collections of Hjalmarson and 
Blanco. Danforth (/2) thought this duck to be of only accidental occurrence 
in Puerto Rico. There are four skins in the avian collection in Mayagiiez. 
These are: A male, No. 170, Anegado Lagoon, P.R., January 30, 1944, V. 
Biaggi; a male, No. 171, Afiasco, P.R., October 21, 1943, J. Ramos; a 
female, No. 172, Gudnica Lagoon, P.R., February 12, 1943, J. Ramos; and 
a male, No. 875, Guanica Lagoon, P.R., January 27, 1946, J. Ramos. 


Aythya collaris (Donovan), Ring-necked Duck, 


Wetmore (15) stated that Gundlach spoke of a specimen taken in 1873 
from the Island. 
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Lophodytes cucullatus Linnaeus, Hooded Merganser 


Recorded by Biaggi and Rolle (6) in 1960 as the first record of this duck 
from the Island. One specimen in avian collection in Mayagiiez. 


Mergus serrator serrator (Linnaeus), Red-breasted Merganser 


A specimen known to be from the Island, and collected by Barnés (/) is 
now in the avian collection in Mayagiiez and bears the catalog No. 879. 
This bird was erroneously identified as Mergus merganser americanus in the 
original published record, but has since been corrected in print by Bond (7). 


Bucephala albeola (Linneaus), Bufflehead 


Wetmore (15) stated that, in 1900, a Dr. Richmond found a mounted 
bird of this species in a collection in San Juan, P.R. The bird was supposed 
to have been collected by Agustin Stahl. 


Buteo platypterus brunnescens Danforth and Smyth, Puerto Rican 
Broad-winged Hawk 


A very rare endemic subspecies on the Island. Wetmore (15) mentioned 
that Gundlach claimed to have taken specimens. There are sight records by 
Danforth, Biaggi, and Ramos. The hawk is known to science only from the 
type specimen: A female, El Yunque Mountain, P.R., August 2, 1935, J. 
Adgar Smyth. The type is now in the U.S. National Museum in Washing- 
ton, D.C. and bears catalog No. 359258. 


Accipiter striatus venator (Wetmore), Puerto Rican Sharp-skinned Hawk 


A very rare and local endemic subspecies in Puerto Rico. Biaggi (4) 
stated that the bird was first discovered in 1930. Wetmore (15) found it 
restricted to a small area in Maricao, P.R. The writer has seen this hawk 
only once, on April 21, 1957, on Monte del Estado, near Maricao, P.R. 


Aramus guarauna elucus Peters, Limpkin 


Bond (7) stated, ““Now possibly extirpated in P.R.” There have been 
many sight records through the years but all have been found to pertain 
to the young of Nycticorax nycticorax hoacili. Wetmore (15) mentioned two 
skins now in the U.S. National Museum, that were taken by Latimer in the 
1890’s. 


Laterallus jamaicensis (Gmelin), Black Rail 


Wetmore (/5) stated that Stahl reported collecting four black rail and 
Richmond claimed to have seen one of them. Danforth (8,12) reported 
sight records from Guadnica and Cartagena Lagoons, P.R. 
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Limosa haemastica Linnaeus, Hudsonian Godwit 


The only sight record from the Island was made on October 9, 1960 at 
Cartagena Lagoon, P.R., by a bird-census group led by Dr. James B. 
McCandless. 


Larus argentatus smithsonianus Coues, Herring Gull 


McCandless (13) who mentioned sight records from Cartagena Lagoon, 
P.R., claimed that this gull is a sporadic visitant which comes to the Island 
mostly in spring. 


Amazona vittata vittata (Boddaert) Puerto Rican Parrot 


The Puerto Rican parrot is a rare endemic species in Puerto Rico. A small 
flock of about 200 birds remains on an insular reserve in the Luquillo 
mountains. Formerly common and widespread. Wetmore (15) found it 
restricted to mangrove swamps near Mameyes, on the eastern slopes of El 
Yunque, and in the forested regions near Utuado and Arecibo, P.R. There 
is only one skin in the avian collection in Mayagiiez. The collector and sex 
are not indicated on the label. It was taken at El Yunque, on November 
12, 1944, and bears the catalog No. 924. 


Coccyzus erythropthalmus (Wilson), Black-billed Cuckoo 


Wetmore (15) mentioned that Gundlach saw a drawing of a black-billed 
cuckoo in Bello’s album on the Puerto Rican avifauna. Bello had received 
the specimen, from which he drew the picture, from the interior of the 
Island. 


Asio flammeus portoricensis Ridgway, Puerto Rican Short-eared Owl 


This owl is a very rare and local endemic. McCandless (13) and Rolle 
(14) state that it was nearly exterminated on the Island, probably by the 
mongoose, Herpestes auropunctatus auropunctatus. Wetmore (/5) saw it at 
Anegado Lagoon, P.R. There are many skins in various museums through- 
out the world. There are five skins in the avian collection in Mayagiiez. 


Archelochus colubris (Linnaeus), Ruby-throated Hummingbird 


Bond (7) said that this bird is of doubtful occurrence on the Island, 
Wetmore (15) spoke of a drawing of one in Bello’s album on Island birds, 


Orthorhyncus cristatus exilis (Gmelin), Antillean Crested Hummingbird 


This is a Lesser Antillean form that is well established on Vieques Island, 
P.R It has been seen but a few times on Puerto Rico proper. Wetmore (14) 
recorded it from eastern Puerto Rico. Bond (7) says, it is “..... of doubt- 
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ful occurrence in Puerto Rico.’”’ McCandless (/3) claimed it was fairly 
common near Fajardo and Danforth (//) saw it on Vieques, P.R., in 1924. 


Tyrannus tyrannus (Linnaeus), Kastern Kingbird 


This bird has been mentioned in the literature by Hartlaub and Cory. 
There are no other references to it from Puerto Rico. 


Iridoproene bicolor (Vietllot), Tree Swallow 

Danforth reported seeing this swallow in Mayagiiez, P.R., and Wetmore 
(15) stated that Gundlach saw a drawing of the tree swallow in Bello’s 
album. 


Corvus leucognaphalus Daudin, White-necked Crow 


This rare resident is probably extinct today, since there have been no 
valid reports of it from the Island since the San Felipe hurricane of 1928. 
The author considers the 1952 and 1958 sightings as dubious records. 


Hylocichla mustelina (Gmelin), Wood Thrush 


Wetmore (/5) said that Gundlach saw a drawing of this thrush in Bello’s 
album. 


Parulidae (Wood Warblers) 


There are numerous sight records from the Island of the wood warblers. 
Of the 20 or so that have been recorded from Puerto Rico only about 12 are 
considered by the author to be valid records. Species that should be placed 
on a hypothetical list are: Protonotaria citrea (Boddaert), prothonotary 
warbler; Helmintheros vermivorus (Gmelin), worm-eating warbler; Dendroica 
castanea (Wilson), bay-breasted warbler; Oporornis formosus (Wilson), 
Kentucky warbler; Oporornis agilis (Wilson), Connecticut warbler; Oporor- 
nis philadelphia (Wilson), mourning warbler, and Wilsonia canadensis 
(Linnaeus), Canada warbler. 

Molothrus bonariensis minimus Dalmas, Glossy Cowbird 

This is a recent arrival in the Lesser Antilles. McCandless (73) called it, 
“an irregular winter visitant to eastern Puerto Rico, Culebra and Vieques 
Islands,” Bond (7) said it was, ‘of accidental occurrence on Vieques Island 
(about 1860) off of Puerto Rico.”’ Grayce (Auk, 1957) saw a flock of from 
150 to 175, at Cabo Rojo, P.R., January 2, 1956. 


Piranga olivacea (Gmelin), Scarlet Tanager 


Barnés (3) collected a specimen of the scarlet tanager on Mona Island, 
P.R., in May 1944. The skin is now in the avian collection in Mayagiiez 
and bears catalog No. 1012. 
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Guiraca caerulea caerulae (Linnaeus), Blue Grosbeak 


One blue grosbeak was collected on Mona Island, P.R. by Kuns. 


Passerina cyanea (Linnaeus), Indigo Bunting 
m, ’ 


McCandless (13) mentioned sight records of the indigo bunting from 
Cartagena Lagoon, P.R. on February 5, 1955 and April 6, 1957. He also 
mentioned a sight record from Rio Piedras, P.R. 


Melospiza lincolnii lincolnii (Audubon), Lincoln’s Sparrow 


Danforth (9) reported seeing a Lincoln’s sparrow on a brushpile near La 
Plata, P.R., December 14, 1923. 


SUMMARY 


Notes and records of little-known species of birds from Puerto Rico 
are presented in an annotated list form. In some cases the records represent 
migrant birds never before reported from the Island. The bulk of the data 
was gleaned from past publications, a number of which are now out of print 
and not available to those seeking information. 


RESUMEN 


Se presentan en forma anotada algunas notas y citas de especies poco 
conocidas de las aves de Puerto Rico. En algunos casos representan especies 
migratorias que nunca han sido citadas de la Isla. La mayor parte de esta 
informacién se obtuvo de publicaciones anteriores, algunas de las cuales 
estan agotadas. 
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